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3LORWVIOLJKWDWWHQGDQWVDQGSDVVHQJHUVFDQEHH[SRVHGWRWR[LFFRPSRXQGVZKHQWKH
EOHHGDLUWKDWVXSSOLHVWKHFDELQDQGIOLJKWGHFNLVFRQWDPLQDWHGZLWKS\URO\]HGK\GUDXOLF
IOXLGRURLOIURPWXUELQHMHWHQJLQHV7KHVHIXPHHYHQWVRFFXUVSRUDGLFDOO\DQGFDQUHVXOW
LQDFXWHRUFKURQLFH[SRVXUHLQDLUFUHZVDQGFDQKDYHFDWDVWURSKLFFRQVHTXHQFHVLIIOLJKW
FUHZPHPEHUVEHFRPHLPSDLUHGRULQFDSDFLWDWHG7KHSXUSRVHRIWKLVUHVHDUFKZDVWR
H[SORUHXQVWUXFWXUHGWH[WXDOGDWDDQGLGHQWLI\LPSRUWDQWIDFWRUVDVVRFLDWHGZLWKWKHVH
HYHQWV0RGHOVXVLQJPDFKLQHOHDUQLQJDOJRULWKPVZHUHGHYHORSHGDQGWHVWHGXVLQJ
YDULDEOHVJOHDQHGIURPWKHWH[WPLQLQJSURFHVVDQGYDULDEOHVIRXQGLQVHOIUHSRUWHG
DYLDWLRQLQFLGHQWV


6DIHW\UHSRUWVIURPIOLJKWDQGFDELQFUHZVZRUNLQJLQ&)5'RPHVWLF

)ODJDQG6XSSOHPHQWDO2SHUDWLRQVGXULQJZHUHGRZQORDGHGIURPWKH
$YLDWLRQ6DIHW\5HSRUWLQJ6\VWHP $656 1DUUDWLYHVIURPWKHVHUHSRUWVZHUHH[SORUHG
XVLQJWKHWH[WPLQLQJSURFHVVLQ6$67H[W0LQHUWRLGHQWLI\SRWHQWLDOO\QHZIDFWRUV
DVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWV7KHWH[WPLQLQJSURFHVVLQFOXGHGWH[W
SDUVLQJWH[WILOWHULQJWH[WFOXVWHULQJDQGWH[WWRSLF7KHLGHQWLILHGIDFWRUVZHUH
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FRPELQHGZLWKYDULDEOHVIURPWKH$656UHSRUWVWRGHYHORSVL[PRGHOV7KHVHPRGHOV
XVHGGHFLVLRQWUHHJUDGLHQWERRVWLQJORJLVWLFUHJUHVVLRQDQGUDQGRPIRUHVWDOJRULWKPV
9DOXHVIRUPLVFODVVLILFDWLRQUDWHUHFHLYHURSHUDWLQJFKDUDFWHULVWLFFXUYHVDQGOLIW
FXUYHVZHUHXVHGWRDVVHVVPRGHODFFXUDF\DQGSUHGLFWLYHSRZHUWRGHWHUPLQHWKHEHVW
SHUIRUPLQJPRGHO)RXUPRGHOVSURGXFHGVLPLODUUHVXOWVZLWKDFFXUDF\DERYHSHUFHQW
7KHWRSIRXUSHUIRUPLQJPRGHOVZHUHJUDGLHQWERRVWLQJUDQGRPIRUHVWORJLVWLF
UHJUHVVLRQDQGDEUDQFKGHFLVLRQWUHHPRGHO
6HQVRU\SHUFHSWLRQZDVIRXQGWREHWKHPRVWLPSRUWDQWIDFWRULQDOOIRXUWRS
UDQNLQJPRGHOVIRUWKHRFFXUUHQFHRIIXPHHYHQWV7KHFDELQDIIHFWHGDQGSRZHUFKDQJH
IDFWRUVZHUHDOVROLVWHGLQWKHWRSWHQIDFWRUVLQIRXURIWKHPRGHOVZLWKYDU\LQJGHJUHHV
RILPSRUWDQFH)RXURWKHUIDFWRUVLQFOXGLQJDLUFUDIWDFWLRQSDVVHQJHUGLVUXSWLRQV\VWHP
DQRPDO\DQGHQJLQHLVVXHZHUHDVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWVLQWKUHH
RIWKHWRSIRXUPRGHOV7KHLGHQWLILFDWLRQRIVHQVRU\SHUFHSWLRQSRZHUFKDQJHDLUFUDIW
DFWLRQDQGHQJLQHLVVXHLVFRQVLVWHQWZLWKSUHYLRXVUHVHDUFKLQIXPHHYHQWV7KLV
UHVHDUFKLGHQWLILHGWKUHHQHZIDFWRUVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWVFDELQ
DIIHFWHGSDVVHQJHUGLVUXSWLRQDQGV\VWHPDQRPDO\7KHVHIDFWRUVFDQEHXVHGLQWKH
LGHQWLILFDWLRQRIIXPHHYHQWVDQGWRHGXFDWHDQGLQFUHDVHDZDUHQHVVRISRWHQWLDOHYHQWV
IRUIOLJKWDQGFDELQFUHZPHPEHUV7KH\FDQDOVREHLQFOXGHGDVYDULDEOHILHOGVLQD
QDWLRQDOGDWDEDVHWRFDSWXUHLQIRUPDWLRQUHJDUGLQJWKHRFFXUUHQFHRIWKHVHHYHQWV(DFK
RIWKHVHDFWLYLWLHVFRXOGFRQWULEXWHWRWKHKHDOWKDQGVDIHW\RIFUHZVDQGSDVVHQJHUV
UHGXFHIOLJKWGLVUXSWLRQVGXHWRIXPHHYHQWVDQGOLPLWILQDQFLDOORVVHVGXHWRIOLJKW
GLVUXSWLRQV
Keywords)XPHVEOHHGDLUWH[WPLQLQJGDWDPLQLQJPRGHO
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Chapter I: Introduction
$VMHWHQJLQHVWUDQVIRUPHGDLUWUDYHOFDELQSUHVVXUL]DWLRQV\VWHPVZHUH
GHYHORSHGWRSHUPLWDLUFUDIWWRIO\DWDOWLWXGHVZKHUHWKHVHHQJLQHVDUHPRVWHIILFLHQW
$LUFUDIWFUHZDQGSDVVHQJHUFRPIRUWDUHSURYLGHGE\SUHVVXUL]DWLRQDQGYHQWLODWLRQ
VXSSOLHGE\EOHHGDLUZKLFKLVGUDZQIURPWKHHQJLQHFRPSUHVVRUFRROHGDQGWKHQ
FLUFXODWHGLQWRWKHFDELQ:KHQEOHHGDLULVFRQWDPLQDWHGFUHZDQGSDVVHQJHUVPD\EH
H[SRVHGWRWR[LFFRPSRXQGVGXULQJLQFLGHQWVFRPPRQO\UHIHUUHGWRDVfume events)XPH
HYHQWVV\PSWRPVDQGHIIHFWVRIH[SRVXUHPD\EHVHYHUHHQRXJKWRZDUUDQWDGHFODUDWLRQ
RIDQHPHUJHQF\IOLJKWGLYHUVLRQRUDQHPHUJHQF\ODQGLQJ )HGHUDO$YLDWLRQ
$GPLQLVWUDWLRQD+ROOH\0F'HUPRWW0RQWJRPHU\HWDO
1HXPDQ6KHKDGLHWDO 7KHVHHYHQWVDUHGLIILFXOWWRIRUHVHHEXWDUH
SRWHQWLDOO\KD]DUGRXVWRKHDOWKDQGVDIHW\ +DJHPDQHWDO,)$/3$ 7KLV
UHVHDUFKSURYLGHVQHZSHUVSHFWLYHVDERXWIDFWRUVDVVRFLDWHGZLWKHYHQWVLQYROYLQJ
XQGHVLUDEOHDLUTXDOLW\ 8$4 DQGIXPHHYHQWVDQGLQFOXGHVWKHGHYHORSPHQWDQG
HYDOXDWLRQRIPRGHOVIRULGHQWLI\LQJIDFWRUVDVVRFLDWHGZLWKWKHRFFXUUHQFHRI8$4
HYHQWVDQGIXPHHYHQWV7KHVHPRGHOVPD\EHQHILWDLUOLQHVWUDGHXQLRQVUHJXODWRUVDQG
RWKHUVLQLGHQWLI\LQJDQGPLWLJDWLQJWKHLQFLGHQFHRIGLVUXSWLRQVWRIOLJKWRSHUDWLRQVGXH
WR8$4HYHQWVDQGIXPHHYHQWVDQGSUHYHQWH[SRVXUHWRKD]DUGRXVVXEVWDQFHV
0RVWODUJHFRPPHUFLDOSDVVHQJHUDLUFUDIWXVHHQJLQHEOHHGDLUWRVXSSO\WKH
HQYLURQPHQWDOFRQWUROV\VWHPZKLFKSURYLGHVSUHVVXUL]DWLRQDQGYHQWLODWLRQIRUFUHZDQG
SDVVHQJHUFRPIRUW 15& $W\SLFDOEDVLFQRQDLUFUDIWVSHFLILFEOHHGDLUV\VWHPLV
VKRZQLQ)LJXUH(QJLQHEOHHGDLULVFRPSUHVVHGDLUGUDZQIURPHQJLQHFRPSUHVVRUV
DQGVXSSOLHGWRRQHRUPRUHDLUFRQGLWLRQLQJSDFNVWKDWWUHDWWKHDLUEHIRUHFLUFXODWLQJLW




WRWKHIOLJKWGHFNDQGFDELQ0DLQGXFWVDQGULVHUGXFWVGLVWULEXWHWKHDLUWRWHPSHUDWXUH
]RQHVZLWKLQWKHFDELQZLWKVRPHRIWKHDLUILOWHUHGDQGUHFLUFXODWHGDQGWKHUHPDLQGHU
YHQWHGWRWKHRXWVLGHHQYLURQPHQWWKURXJKWKHRXWIORZYDOYH 3ROORN 7\SLFDODLU
UHFLUFXODWLRQV\VWHPVVXSSO\DLUFUDIWFDELQVZLWKDFRPELQDWLRQRIDSSUR[LPDWHO\
EOHHGDLUIURPWKHFRPSUHVVRUVWDJHRIWKHHQJLQHRUWKHDX[LOLDU\SRZHUXQLWZLWK
DSSUR[LPDWHO\RIILOWHUHGUHFLUFXODWHGDLUIURPWKHDLUFUDIW %XOO 7KH
DX[LOLDU\SRZHUXQLW $38 LVDVPDOORQERDUGWXUELQHHQJLQHXVHGWRSRZHUWKHDLUFUDIW
V\VWHPVDQGFDQVXSSO\DLUFRQGLWLRQLQJKHDWHOHFWULFLW\DQGFRPSUHVVHGDLUZKHQWKH
PDLQHQJLQHVDUHQRWRSHUDWLQJ /RPEDUGR 7KH%RHLQJ'UHDPOLQHULVDQ
H[FHSWLRQWRDLUFUDIWXVLQJEOHHGDLUIRUFOLPDWHFRQWURODQGXVHVDQHOHFWULFFRPSUHVVRU
V\VWHPWRGUDZLQIUHVKDLURQERDUGIURPGHGLFDWHGFDELQDLULQOHWV 6LQQHWW 7KHVH
GHGLFDWHGHOHFWULFDOFRPSUHVVRUVXVHDLUEHDULQJVWRSUHVVXUL]HDQGPDLQWDLQDSSURSULDWH
DLUFUDIWFDELQWHPSHUDWXUHVDQGDYRLGWKHSRVVLELOLW\RIFRQWDPLQDWLRQE\RLORUK\GUDXOLF
V\VWHPIOXLG &DQQRQ ,QDGGLWLRQWKHHOHFWULFFRPSUHVVRUV\VWHPDYRLGV
H[WUDFWLQJH[FHVVLYHHQHUJ\IURPWKHHQJLQHVUHVXOWLQJLQLQFUHDVHGHIILFLHQF\DQG
GHFUHDVHGIXHOFRQVXPSWLRQ 6LQQHWW 
(QJLQHEOHHGDLUPD\EHFRQWDPLQDWHGDVLWSDVVHVWKURXJKWKHFRPSUHVVRUVLQWKH
PDLQHQJLQHVRUWKH$38VRUZKHQWKHDLUFUDIWLVRQWKHJURXQG(QJLQHRLOK\GUDXOLF
IOXLGGHLFLQJIOXLGRUWKHLUS\URO\]HGFRPSRQHQWVFDQFRQWDPLQDWHWKHDLULQWKH
FRPSUHVVRUVDVDUHVXOWRIPHFKDQLFDOIDLOXUH OHDN\VHDOV PDLQWHQDQFHLUUHJXODULWLHV
RYHUILOOLQJUHVHUYRLUV RUIDXOW\GHVLJQ SRRUO\SODFHGDLULQOHWV  $6+5$(%$H
6\VWHPVYDQ1HWWHQ &KHPLFDOFRQWDPLQDQWVDUHQRWILOWHUHGIURPEOHHGDLU
EHIRUHHQWHULQJWKHDLUVXSSO\ 0LFKDHOLV DQGWKXVFRQWDPLQDWHGDLUPD\HQWHUWKH




FDELQRUWKHIOLJKWGHFN'XULQJWKHVHIXPHHYHQWVZKHQEOHHGDLULVFRQWDPLQDWHGFUHZ
PHPEHUVDQGSDVVHQJHUVPD\H[SHULHQFHDFXWHRUFKURQLFH[SRVXUHWRDKD]DUGRXV
PL[WXUHRIFKHPLFDOFRPSRXQGV

Figure 1
Typical Basic Aircraft Bleed Air System


Note $GDSWHGIURP7KH$LUOLQHU&DELQ(QYLURQPHQWDQGWKH+HDOWKRI3DVVHQJHUVDQG&UHZ
1DWLRQDO5HVHDUFK&RXQFLO&RPPLWWHHRQ$LU4XDOLW\LQ3DVVHQJHU&DELQVRI&RPPHUFLDO
$LUFUDIWSKWWSVGRL


7R[LFFRPSRXQGVIRXQGLQEOHHGDLUPD\YDU\EDVHGRQWKHVRXUFH-HWHQJLQHRLO
FRQWDLQVWULFUHV\OSKRVSKDWHV 7&3V SKHQ\ODOSKDQDSKWK\ODPLQH 3$1 WUL[\OHQ\O
SKRVSKDWHV 7;3V DFUROHLQIRUPDOGHK\GHDQGYRODWLOHDQGVHPLYRODWLOHRUJDQLF
FRPSRXQGVLQFOXGLQJDFHWRQHEHQ]HQHWROXHQHDQG[\OHQH $QGHUVRQ15&




:LQGHU %DORXHW 2IWKHVHFRPSRXQGV7&3V3$1DQG7;3VKDYHEHHQ
DIRFXVRIUHVHDUFK7KH7&3VDUHDJURXSRIRUJDQRSKRVSKDWHFRPSRXQGVXVHGDVDQWL
ZHDUDGGLWLYHVLQHQJLQHRLO2UJDQRSKRVSKDWHVDUHNQRZQQHXURWR[LFFRPSRXQGVPRVW
IUHTXHQWO\DVVRFLDWHGZLWKDFRPPRQFODVVRISHVWLFLGHV0RVWFRPPHUFLDODYLDWLRQ
HQJLQHRLOVFRQWDLQRQHRUPRUHRIWKHWHQFKHPLFDOYDULDWLRQVRI7&3UHIHUUHGWRDV
LVRPHUV7KHVHLVRPHUVYDU\LQWR[LFLW\3$1LVDQDQWLR[LGDQWXVHGLQOXEULFDWLRQRLOV
DQGLVDQLUULWDQWZLWKOLPLWHGGDWDRQFDUFLQRJHQLFLW\ :LQGHU %DORXHW 7;3V
DUHNQRZQQHXURWR[LQVDQGDUHWR[LFWRUHSURGXFWLRQ $QGHUVRQ +\GUDXOLFIOXLG
FDQFRQWDLQWULLVREXW\OSKRVSKDWHDQGWULSKHQ\OSKRVSKDWH 15& &RPSRQHQWVRI
GHLFLQJIOXLGVDUHPRUHGLYHUVHDQGPD\FRQWDLQWULEXW\OSKRVSKDWHEXW\OGLSKHQ\O
SKRVSKDWHHWK\OHQHJO\FRODQGSURS\OHQHJO\FRO 15& (WK\OHQHJO\FROFDQEH
KLJKO\WR[LFWKXVUHSODFHPHQWZLWKHWK\OHQHJO\FROLVEHFRPLQJFRPPRQSODFH 15&
 
3UHYLRXVHYDOXDWLRQVRIH[SRVXUHDQGUHSRUWHGKHDOWKV\PSWRPVVXJJHVWDLUFUDIW
FUHZVDQGSDVVHQJHUVKDYHEHHQH[SRVHGWRRUJDQRSKRVSKDWHFRPSRXQGVDVVRFLDWHGZLWK
S\URO\VLVSURGXFWVIURPHQJLQHRLORUK\GUDXOLFIOXLGVZKLOHWUDYHOLQJRQDLUFUDIW &R[ 
0LFKDHOLV/L\DVRYDHWDO0DFNHQ]LH5RVV0RQWJRPHU\HWDO
:LQGHUHWDO 6\PSWRPVH[SHULHQFHGDIWHUH[SRVXUHWRFRQWDPLQDWHGEOHHGDLU
LQFOXGHKHDGDFKHVFRQIXVLRQGL]]LQHVVPXVFOHZHDNQHVVIDWLJXHQDXVHDDQGYRPLWLQJ
QHUYHSDLQWUHPRUVQXPEQHVVDQGQHXUREHKDYLRUDOGLIILFXOWLHV $ERX'RQLD
$ERX'RQLDHWDO&R[ 0LFKDHOLV&R[RQ+DUSHU
0DFNHQ]LH5RVVHWDO0LFKDHOLV0LFKDHOLV0RQWJRPHU\HWDO
YDQ1HWWHQ 3HUVLVWHQWQHXURORJLFDOSUREOHPVLQFOXGLQJKHDGDFKHVFRQIXVLRQ




PXVFOHZHDNQHVVDQGQHXUREHKDYLRUDOSUREOHPVVXFKDVFRJQLWLYHG\VIXQFWLRQSRVW
WUDXPDWLFVWUHVVGLVRUGHUVGHSUHVVLRQVOHHSDQGDQ[LHW\GLVRUGHUVPD\DOVRRFFXUDIWHU
H[SRVXUH $ERX'RQLDHWDO+DUULVRQHWDO 
7KHVHV\PSWRPVPD\LQWHUIHUHZLWKRUFRPSURPLVHFUHZPHPEHUV DELOLWLHVWR
FRPSOHWHWKHLUGXWLHVLQFOXGLQJIO\LQJWKHDLUFUDIW([SRVXUHWRWR[LFIXPHVKDVUHVXOWHG
LQFUHZPHPEHUV SK\VLFDOLPSDLUPHQWDQGGHJUDGHGIOLJKWFUHZSHUIRUPDQFH
0RQWJRPHU\HWDO6+. DQGFDQUHVXOWLQLQFDSDFLWDWLRQRIIOLJKWFUHZ
$OOLHG3LORWV$VVRFLDWLRQ%DUQHWW&RPPRQZHDOWKRI$XVWUDOLD
3LORW7XUQHG'RFWRU3LQV3HUIRUPDQFH'HJUDGDWLRQRQ)XPHV &UHZ
LQFDSDFLWDWLRQPD\EHPRUHFRPPRQWKDQUHSRUWHGDVWXG\RILQFDSDFLWDWLRQDPRQJ
$XVWUDOLDQSLORWVIRXQGWKHVHFRQGOHDGLQJFDXVHRIPHGLFDOHYHQWVRULQFDSDFLWDWLRQZDV
H[SRVXUHWRWR[LFVPRNHDQGIXPHVRQWKHDLUFUDIW $76% $LUOLQHVPD\KDYH
HVWDEOLVKHGSROLFLHVDQGSURFHGXUHVIRUFUHZVXSRQUHFRJQLWLRQRIDIXPHHYHQWZKLFK
PD\LQFOXGHGHFODULQJDQHPHUJHQF\ODQGLQJDVVRRQDVSUDFWLFDEOHE\UHWXUQLQJWRWKH
GHSDUWXUHDLUSRUWRUGLYHUWLQJWRDQRWKHUDLUSRUWRUUHIXVLQJWKHDLUFUDIWDWWKHJDWH7KHVH
DFWLRQVPD\JHQHUDWHPDQGDWRU\UHSRUWLQJRIWKHHYHQWDQGWKHUHODWHGFLUFXPVWDQFHVWR
V\VWHPVERWKLQWHUQDODQGH[WHUQDOWRWKHFRPSDQ\+RZHYHUWKHUHDUHQRLQGHSHQGHQW
VWDQGDUGL]HGUHSRUWLQJV\VWHPVIRUFUHZVWRUHSRUWIXPHHYHQWV +DUULVRQHWDO RU
RWKHUHYHQWVLQYROYLQJ8$4WKXVLQIRUPDWLRQRQHYHQWRFFXUUHQFHFDXVHVKHDOWK
HIIHFWVDQGIOLJKWRXWFRPHVLVOLPLWHGDQGQRWFROOHFWHGLQRQHORFDWLRQRUZLWKLQRQH
UHSRUWLQJV\VWHP
7KHKHDOWKHIIHFWVRIH[SRVXUHWRFRQWDPLQDWHGEOHHGDLUDUHDOVRGLIILFXOWWR
HYDOXDWHDQGTXDQWLI\7KHV\PSWRPVUHSRUWHGE\FUHZPHPEHUVPD\EHUHODWLYHO\QRQ




VSHFLILF +DJHPDQHWDOD FUHZPHPEHUVPD\QRWUHFRJQL]HRUUHSRUWV\PSWRPV
DQGWKHODFNRIDFHQWUDOL]HGV\VWHPIRUFROOHFWLQJDQGDQDO\]LQJH[SRVXUHGDWDOLPLWVWKH
DELOLW\WRV\VWHPDWLFDOO\DVVHVVKHDOWKHIIHFWVDQGFRUUHODWHWKHVHZLWKH[SRVXUH +DUULVRQ
HWDO %HWZHHQWZRDQGWKUHHSLORWVRXWRIHYHU\WKRXVDQGDUHPHGLFDOO\
GLVTXDOLILHGIRUQHXURWR[LFHIIHFWVHYHU\\HDUVXIIHULQJIURPQHXURORJLFDOV\PSWRPV
VXFKDVKHDGDFKHVDQGPHPRU\ORVV GH%RHUHWDO +RZHYHUKHDOWKFDUH
SUDFWLWLRQHUVPD\QRWUHFRJQL]HDOLQNEHWZHHQH[SRVXUHWRFRQWDPLQDWHGEOHHGDLUDQG
KHDOWKHIIHFWVHVSHFLDOO\ZLWKRXWDQREMHFWLYHPHDVXUHRIH[SRVXUH
Reporting Systems
'RFXPHQWDWLRQRI8$4HYHQWVEOHHGDLUFRQWDPLQDWLRQHYHQWVDQGRWKHU
RSHUDWLRQDOGLVFUHSDQFLHVFDQRFFXUWKURXJKVHYHUDOHVWDEOLVKHGUHSRUWLQJPHFKDQLVPVDV
GLVSOD\HGLQ7DEOH7KH)HGHUDO$YLDWLRQ$GPLQLVWUDWLRQ )$$ PDLQWDLQVVHYHUDO
UHSRUWLQJV\VWHPVDQGGDWDEDVHVIRUWKHHQKDQFHPHQWRIVDIHW\E\WUDFNLQJHYHQWVDQG
VDIHW\LVVXHV0DQGDWRU\UHSRUWLQJV\VWHPVUHTXLUHUHSRUWLQJVRPHW\SHVRILQFLGHQWV
DFFRUGLQJWRUHJXODWLRQV7KHVHV\VWHPVSULPDULO\DGGUHVVVSHFLILFFRQFUHWHLVVXHVDQG
WHQGWRFROOHFWPRUHLQIRUPDWLRQUHJDUGLQJWHFKQLFDOIDLOXUHVKRZHYHUYROXQWDU\
UHSRUWLQJV\VWHPVDUHPRUHVXFFHVVIXOLQFROOHFWLQJKXPDQIDFWRUUHODWHGLQIRUPDWLRQ
5RGULJXHVDQG&XVLFN ([SHULHQFHLQWKH86DQGRWKHUFRXQWULHVKDV
GHPRQVWUDWHGWKHQHHGIRUDWUXVWHGWKLUGSDUW\WRPDQDJHYROXQWDU\UHSRUWLQJV\VWHPVDV
UHSRUWHUVPD\EHUHOXFWDQWWRUHSRUWHUURUVWRHPSOR\HUVRUUHJXODWRUV :HOOV 
7KH$YLDWLRQ6DIHW\$FWLRQ3URJUDP $6$3 LVDYROXQWDU\UHSRUWLQJV\VWHPIRU
HPSOR\HHVRIFHUWDLQFHUWLILFDWHKROGHUVLWVJRDOLVWRHQKDQFHDYLDWLRQVDIHW\WKURXJKWKH
SUHYHQWLRQRIDFFLGHQWVDQGLQFLGHQWV )$$D 7KH)$$RIIHUV$6$3DVDWRROIRU




HPSOR\HHVRISDUWLFLSDWLQJDLUOLQHVDQGUHSDLUVWDWLRQVWRLGHQWLI\DQGUHSRUWVDIHW\LVVXHV
WRFRPSDQ\PDQDJHPHQWDQGWKH)$$IRUGRFXPHQWDWLRQDQGUHVROXWLRQ7KH)$$
SURYLGHVJXLGDQFHWRDLUFDUULHUVIRUWKHFROOHFWLRQFRPSUHKHQVLYHHYHQWFDWHJRUL]DWLRQ
ULVNDQDO\VLVGDWDWUHQGLQJDQGVWRUDJHRIWKHVDIHW\GDWDREWDLQHGWKURXJKWKH$6$3
UHSRUWLQJSURFHVV )$$D 
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Safety Reporting Programs for U.S. Aviation Operations
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7KURXJKWKH$6$3LQGLYLGXDOVPD\VXEPLWYROXQWDU\UHSRUWVRIVDIHW\LVVXHVDQGHYHQWV
ZKLFKPD\RWKHUZLVHUHPDLQXQLGHQWLILHG5HVROXWLRQWKURXJKFRUUHFWLYHDFWLRQUDWKHU
WKDQGLVFLSOLQHRFFXUVWKURXJKDSDUWQHUVKLSZLWKWKHDLUFDUULHUDQGWKH)$$DQGDWKLUG
SDUW\DVQHHGHGVXFKDVDODERURUJDQL]DWLRQRUXQLRQ )$$D 
7KH9ROXQWDU\'LVFORVXUH5HSRUWLQJ3URJUDP 9'53 LVDQRWKHUUHSRUWLQJ
V\VWHPHVWDEOLVKHGDQGPDLQWDLQHGE\WKH)$$IRURSHUDWRUVRZQHUVDQGPDQXIDFWXUHUV
WRYROXQWDULO\GLVFORVHDSSDUHQWYLRODWLRQVLQDFRRSHUDWLYHDQGDGYLVRU\DSSURDFKWR
SUREOHPVROYLQJ )$$ ,QJHQHUDOWKLVSURJUDPPD\EHXVHGIRULGHQWLI\LQJ
UHSRUWLQJDQGFRUUHFWLQJLQVWDQFHVRIUHJXODWRU\QRQFRPSOLDQFHZKHQWKHFHUWLILFDWH
KROGHUQRWLILHVWKH)$$LPPHGLDWHO\DIWHUWKHDSSDUHQWYLRODWLRQZDVGLVFRYHUHGXVLQJ
WKHRQOLQH9'53V\VWHPDQGEHIRUHWKH)$$OHDUQVRIWKHYLRODWLRQIURPDQRWKHUPHDQV
7KH)$$WKHQUHYLHZVDFFHSWVDQGDSSURYHVRYHUVHHVFRUUHFWLYHDFWLRQDQGFRQGXFWV
IROORZXSVXUYHLOODQFHZKLOHZDLYLQJHQIRUFHPHQWDFWLRQ7KLVSURFHVVSURWHFWVWKH
DQRQ\PLW\RIUHSRUWHUVLQIRUPDWLRQUHJDUGLQJDQ\VXEVHTXHQWFRUUHFWLYHDFWLRQVDQGWKH
SXEOLFUHOHDVHRIGLVFORVXUHV )$$D 5HSRUWHGYLRODWLRQVPD\EHDVVRFLDWHGZLWK
IOLJKWRSHUDWLRQVPDLQWHQDQFHKXPDQLQWHUYHQWLRQPRWLYDWLRQVVWXG\RUDQWLGUXJDQG
DOFRKROPLVXVHSUHYHQWLRQSURJUDPVDQGZLWKPDQXIDFWXULQJRSHUDWLRQVRIWKH
RUJDQL]DWLRQ )$$ 
7KH)$$DOVRPDLQWDLQVWKH$FFLGHQWDQG,QFLGHQW'DWD6\VWHP $,'6 GDWDEDVH
KWWSVZZZDVLDVIDDJRYDSH[I"S 12 ,QIRUPDWLRQIRUWKLVGDWDEDVHLV
FROOHFWHGIURPVHYHUDOVRXUFHVLQFOXGLQJWKH1DWLRQDO7UDQVSRUWDWLRQ6DIHW\%RDUG V
176%¶V DFFLGHQWGDWDEDVHDQG)$$LQYHVWLJDWRUVDVSDUWRIWKHLUDFFLGHQWDQGLQFLGHQW
LQYHVWLJDWLRQV )$$ 7KHVHLQYHVWLJDWLRQVRFFXUIROORZLQJ)$$2UGHU'




$LUFUDIW$FFLGHQWDQG,QFLGHQW1RWLILFDWLRQ,QYHVWLJDWLRQDQG5HSRUWLQJ )$$ 
DQGXVHVWDQGDUGL]HGIRUPV )$$ 
7KH)$$ V6HUYLFH'LIILFXOW\5HSRUW6\VWHPFROOHFWVRUJDQL]HVDQDO\]HVDQG
GLVVHPLQDWHVLQIRUPDWLRQRQRFFXUUHQFHVSUREOHPVDQGGHIHFWVVXEPLWWHGE\PHFKDQLFV
LQVSHFWRUVSLORWVDQGRSHUDWRUV5HSRUWVLQFOXGHGHWDLOHGLQIRUPDWLRQDERXWSUREOHPV
HQFRXQWHUHGFRPSRQHQWW\SHVKRXUVLQVHUYLFHDQGDIUHHWH[WILHOG5HSRUWVDUH
DVVHPEOHGDFFRUGLQJWRW\SHVRIUHSRUWVVXFKDVVHUYLFHGLIILFXOW\UHSRUWVPDOIXQFWLRQRU
GHIHFWUHSRUWVRUPDLQWHQDQFHGLIILFXOW\UHSRUWV )$$)$$ 7KH
GDWDEDVHLVDYDLODEOHWRWKHSXEOLFWRLPSURYHWKHVDIHW\DQGUHOLDELOLW\RIDHURQDXWLFDO
SDUWVDQGSURGXFWV KWWSZZZDYLDWLRQGEFRP$YLDWLRQ6GU4XHU\VKWP68%0,7 
7KH176%PDLQWDLQVWKH$YLDWLRQ$FFLGHQWDQG,QFLGHQW'DWD6\VWHPZKLFK
FRQWDLQVLQIRUPDWLRQFROOHFWHGRQVWDQGDUGL]HGIRUPVFRPSOHWHGE\RSHUDWRUVSLORWVDQG
176%VWDIIGXULQJFLYLODYLDWLRQDFFLGHQWDQGVHOHFWHGLQFLGHQWLQYHVWLJDWLRQVZLWKLQWKH
8QLWHG6WDWHVLWVWHUULWRULHVDQGSRVVHVVLRQVDQGLQLQWHUQDWLRQDOZDWHUV5HSRUWVLQWKH
GDWDEDVHFRQWDLQLQIRUPDWLRQIURPWKHIRUPVGHWDLOVDERXWWKHDFFLGHQWDQDO\VLVRI
IDFWXDOGDWDFRQFOXVLRQVSUREDEOHFDXVH V RIWKHDFFLGHQWDQGDQ\UHODWHGVDIHW\
UHFRPPHQGDWLRQVLQFOXGLQJIUHHWH[WILHOGV KWWSVDSSQWVEJRYDYGDWD )XOOQDUUDWLYH
GHVFULSWLRQVPD\QRWEHDYDLODEOHIRUHYHQWVRFFXUULQJEHIRUHFDVHVXQGHUUHYLVLRQ
RUIRUHYHQWVZKHUHWKH176%GLGQRWKDYHUHVSRQVLELOLW\IRUWKHSULPDU\LQYHVWLJDWLRQ
176%QG 
7KH$YLDWLRQ6DIHW\5HSRUWLQJ6\VWHP $656 LVDQ)$$IXQGHGV\VWHP
PDQDJHGE\WKH1DWLRQDO$HURQDXWLFVDQG6SDFH$GPLQLVWUDWLRQ 1$6$ WRFROOHFW
UHYLHZFRGHFODVVLI\GHLGHQWLI\DQGPDLQWDLQUHSRUWVRILVVXHVWKDWPD\DIIHFWVDIHW\LQ




WKH86DYLDWLRQV\VWHP5HSRUWVDUHYROXQWDULO\VXEPLWWHGRQVWDQGDUGL]HGIRUPVE\DLU
WUDIILFFRQWUROOHUV 1$6$$5&$ SLORWVGLVSDWFKHUVDQGRWKHUV 1$6$$5&
% FDELQFUHZ 1$6$$5&& DQGUHSDLUPHQPHFKDQLFVDQGLQVSHFWRUV
1$6$$5&' 0XOWLSOHUHSRUWVDUHLGHQWLILHGDQGOLVWHGE\WKHHYHQWLQDSXEOLFO\
DFFHVVLEOHGDWDEDVH KWWSVDVUVDUFQDVDJRYVHDUFKGDWDEDVHKWPO ZKLFKLQFOXGHV
LQIRUPDWLRQRQWKHSRVLWLRQRIWKHUHSRUWHUWKHDLUFUDIWFODVVLILFDWLRQDQGFDXVHRIWKH
HYHQWDQGIUHHWH[WQDUUDWLYHILHOGVGHVFULELQJDQGVXPPDUL]LQJWKHHYHQW
$UHYLHZRIDFFLGHQWLQYHVWLJDWLRQUHSRUWVFDQEHXVHGWRGHWHUPLQHDFFLGHQW
FDXVDWLRQZKLFKFDQEHXVHGWRGHYHORSVDIHW\JXLGDQFHUHFRPPHQGDWLRQVDQG
UHJXODWLRQV6DIHW\LQYHVWLJDWLRQVDUHERWKUHDFWLYHDQGSURDFWLYHDVIHHGEDFNFDQEHXVHG
WRGHYHORSQHZNQRZOHGJHDQGLQVLJKWDQGFDQEHLQFRUSRUDWHGLQWRIXWXUHJHQHUDWLRQVRI
RSHUDWLRQV 6WRRS 'HNNHU $PRUHSUHHPSWLYHSURFHVVLVWKHLGHQWLILFDWLRQRI
DFFLGHQWSUHFXUVRUVVXFKDVKD]DUGRXVFRQGLWLRQVHYHQWVRUEHKDYLRUVSULRUWRWKH
RFFXUUHQFHRIDQDFFLGHQWZKLFKFDQEHPLWLJDWHGWRLQWHUUXSWWKHVHTXHQFHRIHYHQWV
OHDGLQJWRDQDFFLGHQW,GHQWLILFDWLRQRIIXPHHYHQWUHODWHGFRQGLWLRQVHYHQWVRU
EHKDYLRUVPD\DVVLVWFUHZVLQGHWHFWLQJDIXPHHYHQWWDNHDFWLRQWROLPLWDQ\SRWHQWLDO
GHWULPHQWDOHIIHFWVDQGUHGXFHDGYHUVHIOLJKWRXWFRPHV
7KH)$$GHYHORSHGUHTXLUHPHQWVIRXQGLQVDIHW\PDQDJHPHQWV\VWHPV 606V WR
HQKDQFHVDIHW\IRUDLUFDUULHUVDQGRWKHURUJDQL]DWLRQVE\LQFRUSRUDWLQJWKUHHVWDJHVRI
VDIHW\UDWLRQDOHUHDFWLYHSURDFWLYHDQGSUHGLFWLYHWKLQNLQJ )$$E $VDIHW\
PDQDJHPHQWV\VWHPLVDV\VWHPDWLFDSSURDFKWRPDQDJLQJVDIHW\LQFOXGLQJWKH
QHFHVVDU\RUJDQL]DWLRQDOVWUXFWXUHVDFFRXQWDELOLWLHVSROLFLHVDQGSURFHGXUHV ,&$2
SL[ 7KH)$$SXEOLVKHGWKHILQDO606UXOHIRUDLUFDUULHUVRSHUDWLQJXQGHU




&)5'RPHVWLF)ODJDQG6XSSOHPHQWDO2SHUDWLRQVLQ 6DIHW\0DQDJHPHQW
6\VWHPV DQGSURYLGHGJXLGDQFHIRUDLUFDUULHUVWRGHYHORSDQGLPSOHPHQWDQ606
)$$ $FFRUGLQJWRWKLVJXLGDQFHWKHUHDUHIRXUFRPSRQHQWVRIDQ606SROLF\
VDIHW\ULVNPDQDJHPHQWVDIHW\DVVXUDQFHDQGVDIHW\SURPRWLRQ$VDSDUWRIVDIHW\ULVN
PDQDJHPHQWDLUOLQHPDQDJHPHQWSHUVRQQHODUHH[SHFWHGWRH[HUFLVHGXHGLOLJHQFHWR
LGHQWLI\WKHVLJQLILFDQWDQGUHDVRQDEO\IRUHVHHDEOHKD]DUGVUHODWHGWRWKHLURSHUDWLRQVDQG
WRDQDO\]HDQGDVVHVVWKHULVNVDVVRFLDWHGZLWKWKHVHKD]DUGV 6WRO]HU *RJOLD 
,GHQWLILFDWLRQDQGWUDFNLQJRIKD]DUGVDUHIRXQGDWLRQDOUHTXLUHPHQWVIRUVXFFHVVIXOVDIHW\
ULVNPDQDJHPHQW )$$E ,QWHUPVRIVDIHW\ULVNPDQDJHPHQWLQDYLDWLRQ
RSHUDWLRQVWKHLGHDOULVNDVVHVVPHQWSURFHVVLVEDVHGRQPRGHOLQJ 6WRO]HU *RJOLD
 
5HFRPPHQGDWLRQVWRWDNHSUHFDXWLRQDU\PHDVXUHVHYHQZKHQDWKUHDWWRKXPDQ
KHDOWKRUWKHHQYLURQPHQWFDQQRWEHIXOO\VFLHQWLILFDOO\HVWDEOLVKHGLVWKHFUX[RIWKH
SUHFDXWLRQDU\SULQFLSOH )ULHQG .RKQ )XUWKHUZKHQWKHSRWHQWLDOGDPDJHIURP
DFFLGHQWVLQODUJHVFDOHV\VWHPVLVJUHDWDQGWKHWLPHEHWZHHQDFFLGHQWVLVOHQJWK\GHVLJQ
DQGRSHUDWLRQPXVWEHIRXQGHGRQFRQVLVWHQWSUHGLFWLYHPRGHOVEDVHGRQDFFLGHQW
SURFHVVHVDQGSUREDELOLW\RFFXUUHQFHZKLFKDOLJQVZLWKWKHSXUSRVHRISUREDELOLVWLFULVN
DQDO\VLV 5DVPXVVHQ 3UREDELOLVWLFULVNDVVHVVPHQWLVDV\VWHPDWLFPHWKRGWR
DVVHVVULVNVDVVRFLDWHGZLWKDFRPSOH[WHFKQRORJLFDOXQLWWRLPSURYHVDIHW\RU
SHUIRUPDQFH 6WRO]HU *RJOLD DQGPD\LQFOXGHDYDULHW\RISUHGLFWLYHPRGHOV
,GHQWLILFDWLRQDQGYHULILFDWLRQRIWKHRFFXUUHQFHRIIXPHHYHQWVDUHQHFHVVDU\WRTXDQWLI\
WKHLUIUHTXHQF\ULVNVSUHVHQWHGWUXHFRVWVDQGGHYHORSSUHGLFWLYHPRGHOV




Statement of the Problem
(YHQWVLQYROYLQJ8$4KDYHWKHSRWHQWLDOIRUFUHZGLVWUDFWLRQIOLJKWGLYHUVLRQ
HPHUJHQF\ODQGLQJVRURWKHUGLVUXSWLYHHIIHFWVDQGRXWFRPHV)XPHHYHQWVDQGH[SRVXUH
WRWR[LFFRPSRXQGVKDYHWKHSRWHQWLDOIRUDGYHUVHRXWFRPHVLIIOLJKWRUFDELQFUHZDUH
LPSDLUHGRULQFDSDFLWDWHGDQGPD\DFXWHO\RUFKURQLFDOO\DIIHFWWKHKHDOWKRIFUHZDQG
SDVVHQJHUV,GHDOO\WKHSUHGLFWLRQRIRFFXUUHQFHVRUFLUFXPVWDQFHVOHDGLQJWR8$4DQG
IXPHHYHQWVFRXOGDVVLVWLQDYRLGLQJFUHZDQGSDVVHQJHUH[SRVXUHKRZHYHUQR
FRQILUPDWRU\UHFRUGVRUSUHGLFWLYHPHDVXUHVDUHFXUUHQWO\DYDLODEOH5HDOWLPH
PRQLWRULQJDQGDQDO\VLVIRUGHWHFWLRQRIIXPHHYHQWVFRXOGLGHQWLI\DQHYHQWDVLW
RFFXUUHGDQGDOHUWFUHZDQGWKXVOLPLWH[SRVXUH+RZHYHUWKHUHDUHFXUUHQWO\QRDLU
TXDOLW\PRQLWRULQJV\VWHPVLQZLGHVSUHDGXVHRQDLUFUDIWWRGHWHFW8$4RUFRQWDPLQDWHG
EOHHGDLU)LQDOO\DUHYLHZRIUHSRUWVIURPFUHZVDQGSDVVHQJHUVIROORZLQJGRFXPHQWHG
8$4DQGIXPHHYHQWVFRXOGSURYLGHLQIRUPDWLRQWKDWFRXOGEHXVHGWRSUHYHQWWKHVH
HYHQWV7KHUHDUHFXUUHQWO\QRLQGXVWU\ZLGHPDQGDWRU\UHSRUWLQJUHTXLUHPHQWVIRUWKH
RFFXUUHQFHRIWKHVHHYHQWVRUSRWHQWLDOH[SRVXUHWRKD]DUGRXVFRPSRXQGVGXULQJWKHVH
HYHQWV/LPLWHGLQIRUPDWLRQLVNQRZQDERXWWKHLQFLGHQFHDQGFKDUDFWHULVWLFVRILQIOLJKW
PHGLFDOHPHUJHQFLHV &KDQGUD &RQU\ DQGWKHUHDUHFXUUHQWO\QRLQGXVWU\ZLGH
PDQGDWRU\UHSRUWLQJUHTXLUHPHQWVIRULQIOLJKWPHGLFDOHPHUJHQFLHV+RZHYHUIOLJKW
GLYHUVLRQVLQUHVSRQVHWRPHGLFDOHPHUJHQFLHVFDQUHVXOWLQVXEVWDQWLDOILQDQFLDODQGOHJDO
FRVWV 9DODQLHWDO DQGSRWHQWLDOLQFUHDVHGULVNRIDFFLGHQWVDQGLQMXULHVWR
SDVVHQJHUVDQGFUHZV *$2 
'HVSLWHWKHSRWHQWLDOIRUVHYHUHDGYHUVHKHDOWKDQGVDIHW\RXWFRPHVWKHIDFWRUV
DVVRFLDWHGZLWK8$4DQGIXPHHYHQWVKDYHQRWEHHQH[SORUHG$VWKHLGHQWLILFDWLRQRI




KD]DUGVLVFULWLFDOWRVDIHW\PDQDJHPHQWSURFHVVDQDO\VLVRURSHUDWLRQDOREVHUYDWLRQVFDQ
RIWHQEHXVHGWRGHWHFWDQGPLWLJDWHKD]DUGV:LWKOLPLWHGGDWDFROOHFWLRQRQ8$4DQG
IXPHHYHQWRFFXUUHQFHDFFXUDWHDQDO\VLVRIWKHSURFHVVLVXQOLNHO\2SHUDWLRQDO
REVHUYDWLRQVIURPYROXQWDU\VDIHW\UHSRUWVPD\EHXVHIXOLQGHWHUPLQLQJFKDUDFWHULVWLFVWR
LGHQWLI\SRWHQWLDOH[SRVXUHWRFRQWDPLQDWHGEOHHGDLUEXWRSWLPDOO\UHVXOWLQDUHDFWLYH
UHVSRQVHWRWKHKD]DUG4XDOLWDWLYHDQGTXDQWLWDWLYHGDWDIURPYROXQWDU\VDIHW\UHSRUWV
PD\SURYLGHLQIRUPDWLRQRQLPSRUWDQWIDFWRUVIRULGHQWLI\LQJ8$4DQGIXPHHYHQWV$V
SDUWRIWKHVDIHW\ULVNPDQDJHPHQWFRPSRQHQWRIDVDIHW\PDQDJHPHQWV\VWHPDLU
FDUULHUVVKRXOGPDNHHIIRUWVWRLGHQWLI\DQGIRUHVHHKD]DUGV 6WRO]HU *RJOLD 
,GHQWLILFDWLRQRILPSRUWDQWIDFWRUVDVVRFLDWHGZLWK8$4DQGIXPHHYHQWVFDQEHXVHGWR
GHYHORSSUHGLFWLRQPRGHOVGHYHORSPLWLJDWLRQVWUDWHJLHVSRVLWLRQPRQLWRULQJHTXLSPHQW
WRLGHQWLI\FRQWDPLQDQWVEHWWHUSUHSDUHFUHZDQGDLUOLQHVXSSRUWVWDIIIRUGLYHUVLRQVDQG
WXUQEDFNVDQGVXEVHTXHQWUHVFKHGXOLQJRIIOLJKWVWRDFFRPPRGDWHSDVVHQJHUVUHGXFHWKH
ULVNVDVVRFLDWHGZLWKHPHUJHQF\ODQGLQJVGLYHUVLRQVDQGWXUQEDFNVDQGUHGXFH
DVVRFLDWHGFRVWV
Purpose Statement
7KHSXUSRVHRIWKLVH[SORUDWRU\PL[HGPHWKRGGHVLJQVWXG\ZDVWRXVHWH[WXDO
GDWDIURPWKHQDUUDWLYHILHOGVLQUHSRUWVVXEPLWWHGWRWKH$YLDWLRQ6DIHW\5HSRUWLQJ
6\VWHP $656 LQWKHWH[WPLQLQJSURFHVVWRH[SORUHWHUPVDQGWRSLFVDQGLGHQWLI\QHZ
IDFWRUVDVVRFLDWHGZLWK8$4DQGIXPHHYHQWV7KHVHIDFWRUVZHUHWKHQLQFOXGHGZLWK
TXDQWLWDWLYHYDULDEOHVIURPWKH$656GDWDEDVHDQGXVHGLQPDFKLQHOHDUQLQJDOJRULWKPV
WRGHYHORSPRGHOVWRGHWHUPLQHWKHLPSRUWDQFHRIIDFWRUVDVVRFLDWHGZLWKWKHRFFXUUHQFH
RI8$4DQGIXPHHYHQWVDVUHSRUWHGE\IOLJKWDQGFDELQFUHZV7KHVHPRGHOVZHUH




GHYHORSHGWUDLQHGYDOLGDWHGDQGWHVWHGWRLGHQWLI\LPSRUWDQWIDFWRUVDVVRFLDWHGZLWKWKH
WDUJHWYDULDEOH7KHWDUJHWYDULDEOHFRQVLVWVRIWKUHHOHYHOVRIUHSRUWHGHYHQWVHYHQWVWKDW
DUHQRWUHODWHGWR8$4HYHQWVWKDWDUHUHODWHGWR8$4EXWDUHQRWIXPHHYHQWVDQG
HYHQWVWKDWDUHUHSRUWHGWREHIXPHHYHQWV
Significance of the Study
7KLVVWXG\FRQWULEXWHVWRWKHERG\RIDYLDWLRQVDIHW\NQRZOHGJHE\LGHQWLI\LQJ
IDFWRUVDVVRFLDWHGZLWK8$4DQGIXPHHYHQWVXVLQJGDWDIURPWKH$6567H[WXDOGDWD
IURPWKH$656UHSRUWQDUUDWLYHVZDVPLQHGIRUIDFWRUVDQRPDOLHVRUSDWWHUQVDQG
FRPELQHGZLWKTXDQWLWDWLYHYDULDEOHVIURPWKHGDWDEDVHWRGHYHORSPRGHOV1HZIDFWRUV
DVVRFLDWHGZLWKWKHRFFXUUHQFHRI8$4DQGIXPHHYHQWVZHUHLGHQWLILHGDQGXVHGLQWKH
GHYHORSPHQWRIWKHPRGHOV
0RGHOVLGHQWLI\LQJIDFWRUVDVVRFLDWHGZLWKIXPHHYHQWVWKDWPD\FRPSURPLVH
FUHZKHDOWKDQGVDIHW\FDQEHXVHGE\WKHDYLDWLRQLQGXVWU\WRLPSURYHIOLJKWVDIHW\DQG
VDIHJXDUGWKHKHDOWKRIFUHZVDQGSDVVHQJHUV3UHYLRXVVWXGLHVXVLQJWKHGDWDIURPWKH
$656KDYHUHVXOWHGLQWKHGHYHORSPHQWRIFODVVLILFDWLRQPRGHOVDQGWKHLGHQWLILFDWLRQRI
ULVNIDFWRUV 6KLHWDO DQGULVNSUHGLFWLRQPRGHOV =KDQJ 0DKDGHYDQ 
7KLVVWXG\IXUWKHUH[SORUHGWKHXVHRIWH[WPLQLQJRIWKHQDUUDWLYHILHOGVDQGWKH
LQFRUSRUDWLRQRIILQGLQJVLQWRYDULDEOHVWRGHYHORSPRGHOVWRLGHQWLI\IDFWRUVDVVRFLDWHG
ZLWKIXPHHYHQWV7KHVHPRGHOVPD\EHXVHIXOLQLGHQWLI\LQJPLWLJDWLQJRUSUHYHQWLQJ
IXPHHYHQWV
7KHPDFKLQHOHDUQLQJDOJRULWKPVGHYHORSHGDVSDUWRIWKLVVWXG\PD\EHXVHGLQ
VLPLODUUHVHDUFKVWXGLHVWRLGHQWLI\LPSRUWDQWIDFWRUVRUSUHGLFWRUVXVLQJDFRPELQDWLRQRI
WH[WXDODQGTXDQWLWDWLYHGDWD7KLVUHVHDUFKFRQWULEXWHVWRWKHERG\RINQRZOHGJHZLWKWKH




DSSOLFDWLRQRIPDFKLQHOHDUQLQJDOJRULWKPVWRLGHQWLI\WKHLPSRUWDQWIDFWRUVDVVRFLDWHG
ZLWKWKHRFFXUUHQFHRIIXPHHYHQWV7KHWH[WPLQLQJSURFHVVPD\EHDSSOLFDEOHIRU
VLPLODUGDWDWRLGHQWLI\IDFWRUVDVVRFLDWHGZLWKHYHQWVWKDWPD\FRPSURPLVHIOLJKWVDIHW\
DQGILQGLQJVIURPPRGHOHYDOXDWLRQFRXOGVXSSRUWHIIRUWVLQGHYHORSLQJWUDLQLQJ
YDOLGDWLQJRUWHVWLQJPRGHOVIRULGHQWLI\LQJRWKHUHYHQWVRUFRQGLWLRQVDIIHFWLQJIOLJKW
VDIHW\
.H\EHQHILFLDULHVRIWKLVUHVHDUFKLQFOXGHDLUOLQHVXQLRQVIOLJKWDQGFDELQFUHZV
DQGSDVVHQJHUV$LUOLQHVDIHW\PDQDJHUVDQGGHFLVLRQPDNHUVFDQXVHWKHPRGHOVWR
DVVHVVLPSRUWDQWIDFWRUVDVVRFLDWHGZLWKIXPHHYHQWVDQGGHYHORSSUHYHQWLRQRU
PLWLJDWLRQVWUDWHJLHV$LUOLQHVDQGODERUXQLRQVFDQXVHWKHUHVXOWVRIWKLVVWXG\WR
LQFUHDVHDZDUHQHVVRI8$4DQGIXPHHYHQWRFFXUUHQFHEHWWHUSUHSDUHFUHZVIRU
PLWLJDWLRQRIHYHQWVDQGKLJKOLJKWWKHQHFHVVLW\RIGHYHORSLQJDVXUYHLOODQFHV\VWHPIRU
WUDFNLQJWKHVHHYHQWV%\LGHQWLI\LQJWKHPRVWLQIOXHQWLDOIDFWRUVDVVRFLDWHGVSHFLILFDOO\
ZLWKIXPHHYHQWVVDIHW\PDQDJHUVFDQGHYHORSWUDLQLQJIRUIOLJKWDQGFDELQFUHZVZLWK
OLNHO\VFHQDULRVWRLPSURYHDZDUHQHVVUHFRJQLWLRQDQGHPHUJHQF\SURFHGXUHVWREH
HPSOR\HGLQWKHRFFXUUHQFHRIIXPHHYHQWV
)LQGLQJVIURPWKLVVWXG\PD\EHXVHGE\WKH)$$DVMXVWLILFDWLRQWRHVWDEOLVKD
GHGLFDWHGUHSRUWLQJV\VWHPIRUVXUYHLOODQFHDQGLQYHVWLJDWLRQRI8$4DQGIXPHHYHQWV
,QIRUPDWLRQRQIDFWRUVDVVRFLDWHGZLWKIXPHHYHQWVDQGDQLQGLFDWLRQRIDSUREDEOH
WLPHIUDPHIRUTXDOLI\LQJDQGTXDQWLI\LQJWR[LFFRPSRXQGVPD\SURYLGHDYLDWLRQVDIHW\
SUDFWLWLRQHUVZLWKJXLGDQFHIRUGHYHORSLQJVDPSOLQJSURWRFROV8QGHUVWDQGLQJWKHPRVW
SODXVLEOHDLUFUDIWFRQILJXUDWLRQIOLJKWSKDVHRUWLPHIRUSURGXFWLRQDQGUHOHDVHRIWR[LF




FRPSRXQGVPD\DOVRJXLGHVDIHW\SUDFWLWLRQHUVLQGHYHORSLQJLQWHUYHQWLRQVIRUSURWHFWLQJ
FUHZDQGSDVVHQJHUVIURPH[SRVXUHWRWR[LFFRPSRXQGV
Research Questions
7KLVUHVHDUFKLVH[SORUDWRU\LQQDWXUHDQGLVEDVHGRQWKUHHIXQGDPHQWDOUHVHDUFK
TXHVWLRQV
Research Question 1
+RZFDQWH[WPLQLQJWHFKQLTXHVEHXVHGWRH[SORUHDQGLGHQWLI\LPSRUWDQW
YDULDEOHVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIDUHSRUWHGIXPHHYHQWXVLQJWH[WXDOGDWD
IRXQGLQYROXQWDU\UHSRUWVVXEPLWWHGE\IOLJKWDQGFDELQFUHZPHPEHUV"
Research Question 2
+RZFDQPRGHOLQJWHFKQLTXHVEHXVHGWRLGHQWLI\IDFWRUVDVVRFLDWHGZLWKWKH
RFFXUUHQFHRIDSHUFHLYHGDQGUHSRUWHGIXPHHYHQWXVLQJTXDOLWDWLYHDQGTXDQWLWDWLYH
YDULDEOHVIRXQGLQYROXQWDU\UHSRUWVVXEPLWWHGE\IOLJKWDQGFDELQFUHZPHPEHUV"
Research Question 3
:KDWDUHWKHLPSRUWDQWIDFWRUVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIDIXPHHYHQWDV
LGHQWLILHGLQYROXQWDULO\UHSRUWHGGDWD"
7KHVHTXHVWLRQVDUHGLUHFWO\UHODWHGDVWH[WPLQLQJWHFKQLTXHVZHUHXVHGWR
H[SORUHWKHWH[WXDOGDWDLQWKHQDUUDWLYHVGDWDPLQLQJWHFKQLTXHVZHUHXVHGWRLGHQWLI\WKH
YDULDEOHVDVVRFLDWHGZLWKWKHRFFXUUHQFHRI8$4DQGIXPHHYHQWVDQGWKHQLGHQWLI\WKH
LPSRUWDQWIDFWRUVDVVRFLDWHGZLWKWKHRFFXUUHQFHRI8$4DQGIXPHHYHQWV
Delimitations
7KLVVWXG\IRFXVHGRQO\RQUHSRUWVUHODWHGWR8$4DQGIXPHHYHQWVVXEPLWWHGE\
FDELQDQGIOLJKWFUHZPHPEHUV(YHQWVWKDWZHUHQRWUHSRUWHGZHUHQRWUHYLHZHGE\




1$6$DQDO\VWVDQGZHUHQRWLQFOXGHGLQWKH$656GDWDEDVH$OOUHSRUWVVXEPLWWHGWR
$656PD\QRWEHLQFOXGHGLQWKHLUGDWDEDVH5HSRUWVPD\EHVXEPLWWHGWRWKHV\VWHP
SULPDULO\DVDPHDQVRISURWHFWLQJFHUWLILFDWHKROGHUVIURPHQIRUFHPHQWDFWLRQDQGIRU
UHSRUWLQJGHYLDWLRQVRUDQRPDOLHVVXFKDVDQDOWLWXGHGHYLDWLRQHPHUJHQF\ODQGLQJRUD
IOLJKWGLYHUVLRQ5HSRUWHGHYHQWVZRXOGEHFRQVLGHUHGDVDQRFFXUUHQFHRI8$4RUIXPH
HYHQWLILWLVGHVFULEHGDVVXFKLQWKHQDUUDWLYHRUHQRXJKGHWDLOLVLQFOXGHGLQWKHUHSRUW
IRUWKHDQDO\VWWRFRGHLWDVVXFK5HSRUWVVXEPLWWHGE\PDLQWHQDQFHSHUVRQQHO
PDLQWHQDQFHLQVSHFWRUVDQGWHFKQLFLDQVRUUHSRUWVIRUWKHVROHSXUSRVHRIGHVFULELQJ
PHFKDQLFDODQRPDOLHVDQGPDLQWHQDQFHHUURUVZHUHQRWLQFOXGHGLQWKLVVWXG\DVWKH
IRFXVRIWKLVVWXG\ZDVQRWWKHFDXVHRIWKHHYHQW7KHIRFXVZDVRQWKHH[SORUDWLRQDQG
LGHQWLILFDWLRQRIYDULDEOHVPLQHGIURPWKHQDUUDWLYHVRUUHSRUWVIURPFUHZPHPEHUV
H[SHULHQFLQJWKHHYHQWVDQGWKHGHYHORSPHQWRIPRGHOVXVLQJWKHVHYDULDEOHVIRUWKH
SXUSRVHRILGHQWLI\LQJLPSRUWDQWIDFWRUVDVVRFLDWHGZLWK8$4DQGIXPHHYHQWV$OWKRXJK
RWKHUUHSRUWLQJV\VWHPVVXFKDVWKRVHIRUWKH6HUYLFH'LIILFXOW\5HSRUWV 6'5V WKH
$YLDWLRQ6DIHW\$FWLRQ3URJUDP $6$3 RU$FFLGHQWDQG,QFLGHQW'DWD $,' V\VWHP
PD\LQFOXGHLQIRUPDWLRQUHJDUGLQJ8$4DQGIXPHHYHQWVWKH$656GDWDEDVHLVVHOHFWHG
WRLQFRUSRUDWHDGLYHUVLILHGSRWHQWLDOUHSRUWLQJSRSXODWLRQH[SHULHQFLQJWKHVHHYHQWV
)OLJKWDQGFDELQFUHZVPD\KDYHYHU\GLIIHUHQWNQRZOHGJHH[SHULHQFHVDQGGHVFULSWLRQV
RIIXPHHYHQWVDQGSURYLGHGLVSDUDWHLQIRUPDWLRQLQWKHUHSRUWQDUUDWLYHVZKLFKHQKDQFHV
WKHULFKQHVVRIWKHDFFRXQWVDQGDGGVYDOXHWRWKHWH[WPLQLQJSURFHVV7KHXVHRIWKH
$656GDWDEDVHLQFRUSRUDWHGKXPDQIDFWRUVLQWRWKHVWXG\ZKLFKPD\LQFOXGHVXEMHFWLYH
IHHOLQJVV\PSWRPVH[SHULHQFHVDQGRXWFRPHV$VWKHFXUUHQWVWXG\LVH[SORUDWRU\
UHFRPPHQGDWLRQVDUHPDGHIRUIXWXUHREMHFWLYHVWXGLHVVXFKDVIRFXVHGDLUTXDOLW\




PRQLWRULQJRUVWDQGDUGL]HGTXDQWLWDWLYHPHGLFDODVVHVVPHQWRIFUHZPHPEHUVRU
SDVVHQJHUV
)LQGLQJVIURPWKLVUHVHDUFKDUHJHQHUDOL]DEOHWRWKHFRPSDQLHVRSHUDWLQJ
FRPPHUFLDOSDVVHQJHURUFDUJRMHWDLUFUDIWLQWKH86DVWKHGDWDZHUHVXSSOLHGE\
HPSOR\HHVRI86FRPSDQLHVRSHUDWLQJFRPPHUFLDOMHWDLUFUDIWXQGHU&)5
'RPHVWLF)ODJDQG6XSSOHPHQWDO2SHUDWLRQV7KLVVWXG\XVHGGDWDIURPWKH$656
GDWDEDVHDQGZDVOLPLWHGWRWKHUHSRUWVSURYLGHGLQWKHGDWDEDVH$OOUHSRUWVVXEPLWWHGWR
WKHV\VWHPZHUHQRWLQFOXGHGLQWKHGDWDEDVHWKXVUHSRUWVRIIXPHHYHQWVPD\EHRPLWWHG
IURPWKHGDWDEDVH$GGLWLRQDOO\WKHGDWDZHUHOLPLWHGWRYROXQWDULO\UHSRUWHGLQFLGHQWV
DQGVLWXDWLRQVIURPWKHVWDWHG\HDUVRILQFOXVLRQIRUIOLJKWRSHUDWLRQV
Limitations and Assumptions
(YLGHQFHVXJJHVWVXQGHUUHSRUWLQJRIIXPHHYHQWVDQGLVDOLPLWDWLRQRIWKHVWXG\
$VVXPSWLRQVZHUHWKDWIOLJKWDQGFDELQFUHZVDUHDEOHWRUHFRJQL]HDQGUHSRUW8$4DQG
IXPHHYHQWVDQGGHVFULEHDQGUHSRUWDFFXUDWHDQGFRPSOHWHLQIRUPDWLRQDERXWWKHVH
HYHQWV7KHGDWDZHUHDVVXPHGWREHGHLGHQWLILHGDQGDFFXUDWHO\FRGHGE\DQDO\VWVDWWKH
1DWLRQDO$HURQDXWLFVDQG6SDFH$GPLQLVWUDWLRQ 1$6$ ZKLFKLVUHVSRQVLEOHIRU
PDQDJLQJWKHYROXQWDULO\VXEPLWWHGUHSRUWVDQGWKH$656GDWDEDVH7KHGDWDZHUH
DVVXPHGWREHUHSUHVHQWDWLYHRIDOO86FRPPHUFLDODLUFUDIWRSHUDWLRQVFXUUHQWO\
RSHUDWLQJXQGHU&)53DUWEXWDUHQRWSDUWLFXODUWRDQ\VSHFLILFDLUFUDIWDLUOLQHRU
DLUSRUW([SDQGLQJWKHVWXG\WRFRXQWULHVRUDLUOLQHVZLWKVLPLODUUHSRUWLQJV\VWHPVPD\
SURYLGHDGGLWLRQDOLQVLJKW$VIXWXUHDLUFUDIWHQJLQHGHVLJQIRFXVHVRQJUHDWHUHIILFLHQF\
DQGOHVVHQYLURQPHQWDOLPSDFWWKHRSSRUWXQLW\IRU8$4DQGIXPHHYHQWRFFXUUHQFHPD\
FKDQJHGHSHQGLQJRQHQJLQHGHVLJQOXEULFDWLRQSURGXFWVXVHGRSHUDWLQJWHPSHUDWXUHV




SODFHPHQWRIDLULQOHWVDQGRWKHUIDFWRUV7KHPRGHOVVKRXOGEHUHYLHZHGDQGWHVWHG
SHULRGLFDOO\ZLWKWKHPRVWFXUUHQWGDWDWRHQVXUHWKH\DUHUHSUHVHQWDWLYHRIWKHDLUFUDIW
DQGHQJLQHVFXUUHQWO\LQXVH
Summary
&RQWDPLQDWHGEOHHGDLUIURPDLUFUDIWHQJLQHVFDQH[SRVHFUHZDQGSDVVHQJHUVWR
KDUPIXOFRPSRXQGV7KHVHH[SRVXUHHYHQWVDUHGLIILFXOWWRTXDQWLI\DQGSUHGLFWDOWKRXJK
KHDOWKHIIHFWVDQGWKHLUFRQVHTXHQFHVPD\EHVHULRXVDVHOXFLGDWHGLQWKLVFKDSWHU7KLV
TXDOLWDWLYHDQGTXDQWLWDWLYHPL[HGPHWKRGVVWXG\ZDVFRQGXFWHGWRH[SORUHDQGLGHQWLI\
LPSRUWDQWIDFWRUVDVVRFLDWHGZLWKWKHLQFLGHQFHRI8$4DQGIXPHHYHQWVUHSRUWHGE\
FDELQFUHZVDQGIOLJKWFUHZVDQGFRQWDLQHGLQUHSRUWQDUUDWLYHVLQWKH$656GDWDEDVH
7KHVHIDFWRUVZHUHXVHGZLWKTXDQWLWDWLYHYDULDEOHVIURPWKHGDWDVHWWRGHYHORSWUDLQ
YDOLGDWHDQGWHVWPRGHOVXVLQJDYDULHW\RIPDFKLQHOHDUQLQJDOJRULWKPVXVLQJ6$6
(QWHUSULVH0LQHU707KHPRGHOVZHUHHYDOXDWHGDQGFRPSDUHGIRUWKHJUHDWHVW
UHOLDELOLW\DQGYDOLGLW\WRLGHQWLI\WKHEHVWPRGHOIRULGHQWLI\LQJLPSRUWDQWIDFWRUV
DVVRFLDWHGZLWKWKHRFFXUUHQFHRI8$4DQGIXPHHYHQWV
7KHIROORZLQJVHFWLRQVGHVFULEHWKHQHHGIRULGHQWLI\LQJLPSRUWDQWIDFWRUV
DVVRFLDWHGZLWKIXPHHYHQWV3UHYLRXVUHVHDUFKH[SRVLQJWKHFKDOOHQJHVLQGHWHUPLQLQJ
WKHQXPEHURUUDWHRIIXPHHYHQWRFFXUUHQFHGLIILFXOWLHVLQLGHQWLILFDWLRQRIWKH
FRQWDPLQDQWVSUHVHQWGXULQJIXPHHYHQWVFRPSOH[LWLHVLQGHWHUPLQLQJWKHFRQWDPLQDQW
OHYHOVDQGWKHH[SRVXUHSDUDPHWHUVDQGWKHFKDOOHQJHVLQLGHQWLI\LQJDQGPHDVXULQJ
ELRORJLFDOLQGLFDWRUVRIH[SRVXUHDUHSUHVHQWHGLQ&KDSWHU,,5HVHDUFKXVLQJVLPLODU
GDWDVHWVDQGSURFHVVHVWRLGHQWLI\KD]DUGVRUEXLOGSUHGLFWLYHPRGHOVLVDOVRSUHVHQWHGDQG
H[DPLQHG7KHSURFHVVHVRIWH[WDQGGDWDPLQLQJXVHGLQWKLVVWXG\DVZHOODV
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Chapter II: Review of the Relevant Literature
,GHQWLILFDWLRQDQGSUHYHQWLRQRIIXPHHYHQWVDUHRIFULWLFDOLPSRUWDQFHLQ
SURWHFWLQJFUHZDQGSDVVHQJHUKHDOWKWKHVDIHRXWFRPHRIIOLJKWVDQGXSKROGLQJWKH
SULQFLSOHVRIDVDIHW\PDQDJHPHQWV\VWHP&KDSWHU,,SURYLGHVDQH[DPLQDWLRQRIWKH
SXEOLVKHGILQGLQJVDQGFKDOOHQJHVLQLGHQWLI\LQJFKDUDFWHUL]LQJDQGTXDQWLI\LQJIXPH
HYHQWVDQGSRWHQWLDORSHUDWLRQDORXWFRPHVVXFKDVPHGLFDOHPHUJHQFLHVDQGHPHUJHQF\
ODQGLQJVDQGKLJKOLJKWVWKHVXEVHTXHQWGLIILFXOW\LQSLQSRLQWLQJVKRUWDQGORQJWHUP
KHDOWKHIIHFWV*DSVLQH[LVWLQJOLWHUDWXUHDUHSUHVHQWHGDQGUHVHDUFKXVLQJH[SORUDWRU\
WH[WPLQLQJSURFHVVHVDQGXVLQJVLPLODUGDWDVHWVWRLGHQWLI\IDFWRUVDQGEXLOGSUHGLFWLYH
PRGHOVDUHSUHVHQWHGDQGH[DPLQHGDORQJZLWKDEULHIGHVFULSWLRQRIWKHPDFKLQH
OHDUQLQJDOJRULWKPVXVHGLQWKLVVWXG\
Characterization and Quantification of Fume Events
Background
$OWKRXJKDVPDOOGHJUHHRILPSDLUPHQWZDVH[SHFWHGWREHKD]DUGRXVDQGFRXOG
DIIHFWFUHZPHPEHUV SHUIRUPDQFHWKHFRQFHQWUDWLRQRIWR[LFFRPSRXQGVDQGWKH
IUHTXHQF\RIFUHZPHPEHUV H[SRVXUHWRFRQWDPLQDWHGEOHHGDLUZHUHDGPLWWHGO\
XQNQRZQDOPRVWVHYHQW\\HDUVDJR $V0$ (QJLQHRLOFRQWDPLQDWLRQRIEOHHGDLU
DQGWKHSRWHQWLDOWRVHULRXVO\DIIHFWDSLORW VDELOLW\WRFRQWURODQDLUFUDIWZHUH
GRFXPHQWHGLQZLWKV\PSWRPVRIH\HZDWHULQJLUULWDWLRQWRQRVHDQGWKURDWPLOG
QDXVHDDQGORVVRIVHQVHRIGLUHFWLRQ 5HGGDOO $VWHFKQRORJLHVWRLGHQWLI\DQG
PHDVXUHFRQWDPLQDQWVEHFDPHPRUHVRSKLVWLFDWHGFRPSRXQGVLQS\URO\]HGHQJLQHRLO
DQGK\GUDXOLFIOXLGZHUHLGHQWLILHGLQFDELQDLUDQGHIIHFWVRIH[SRVXUHZHUH
GRFXPHQWHG




)HGHUDODYLDWLRQUHJXODWLRQVIRUFHUWLILFDWLRQRIDLUFUDIWUHTXLUHFRPSOLDQFHZLWK
YHQWLODWLRQDQGHQYLURQPHQWDOFRQWUROV\VWHPGHVLJQZKLFKSURYLGHIRUFUHZDQG
SDVVHQJHUFRPSDUWPHQWDLUWREHIUHHIURPKDUPIXORUKD]DUGRXVFRQFHQWUDWLRQVRIJDVHV
RUYDSRUV &)5 DQGOLPLWWKHFRQFHQWUDWLRQRIR]RQHLQDLUFUDIWFDELQ
HQYLURQPHQWV &)5 $OWKRXJKDLUFUDIWV\VWHPGHVLJQQHFHVVLWDWHVWKH
SURYLVLRQRIYHQWLODWLRQDQGSUHVVXUL]DWLRQIRUDVDIHFDELQHQYLURQPHQWV\VWHP
LQDGHTXDFLHVKXPDQHUURURUPHFKDQLFDOIDLOXUHVFDQRFFXUUHVXOWLQJLQFRQWDPLQDWLRQ
RIEOHHGDLUZKLFKLVVXSSOLHGWRWKHIOLJKWGHFNDQGSDVVHQJHUFRPSDUWPHQW
Characterization of fume events
$QGHUVRQ  0XUDZVNL  &UXPSHWDO D +DUULVRQHWDO  
DQG0LFKDHOLV  KDYHGHVFULEHGFRPPRQHOHPHQWVUHSRUWHGE\FUHZLQFOXGLQJDQ
RGRURIGLUW\VRFNVVPHOO\IHHWPXVW\PROGPLOGHZYRPLWFKHPLFDORUIRXORGRU,Q
DGGLWLRQWRDQ\UHSRUWHGLOOQHVVWKHVHWHUPVZHUHDOVRXVHGE\6KHKDGLHWDO  WR
LGHQWLI\IXPHHYHQWV
Frequency of Occurrence
+DUULVRQDQG0DFNHQ]LH5RVV  IRXQGHVWLPDWHVRIWKHIUHTXHQF\RI
RFFXUUHQFHRIIXPHHYHQWVYDU\E\VRXUFHZLWKUHJXODWRU\DXWKRULWLHVDLUOLQHVDQGWUDGH
XQLRQVVKRZLQJZLGHYDULDWLRQ7KH)$$PDLQWDLQVV\VWHPVIRUUHSRUWLQJVDIHW\LQFLGHQWV
E\DLUOLQHVVXFKDVWKH6HUYLFH'LIILFXOW\5HSRUW 6'5 V\VWHPDQGWKH$FFLGHQWDQG
,QFLGHQW'DWD $,' V\VWHP7KHVHGDWDEDVHVDUHSXEOLFO\DFFHVVLEOHDQGDYDLODEOHIRU
DQDO\VLVE\UHVHDUFKHUV5HVHDUFKHUVLQGLFDWHDJUHHPHQWLQRFFXUUHQFHEXWQRWLQ
IUHTXHQF\DV0XUDZVNLDQG6XSSOHH  IRXQGDQDYHUDJHRIIXPHHYHQWVSHU
GD\ZKLOH6KHKDGLHWDO  IRXQGDQDYHUDJHRIIXPHHYHQWVSHUIOLJKWVRU




DSSUR[LPDWHO\HYHQWVSHUGD\ )$$ $LUOLQHVLQWKH86UHSRUWHGDQDQQXDO
DYHUDJHRIRYHUVPRNHDQGIXPHHYHQWVWRWKH)$$GXULQJ $QGHUVRQ
 HTXLYDOHQWWRIXPHHYHQWVSHUGD\7KH1DWLRQDO5HVHDUFK&RXQFLO  
UHSRUWHGEHWZHHQDQGLQFLGHQWVSHUIOLJKWF\FOHVRQWKUHH&DQDGLDQ
DLUOLQHVRUDQDYHUDJHRIWZRWRWKUHHIXPHHYHQWVSHUGD\DFFRUGLQJWRDLUOLQHGDWD,Q
DGGLWLRQWRWKHGLVSDULW\LQQXPEHUVRIUHSRUWVDVVHHQLQ7DEOHHYLGHQFHDOVRVXJJHVWV
IXPHHYHQWVDUHXQGHUUHSRUWHG )$$0LFKDHOLV:LQGHU 0LFKDHOLV
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Rates of Smoke, Fume, and Odor Events Reported from Studies on Aircraft
'DWHV

'DWD6RXUFH

1XPEHURI
(YHQWV

'DLO\
$QQXDO 
$YHUDJH
  

5HIHUHQFH






6'5



6'5



  


$&(5



6'5

D



$QGHUVRQ




6'5$,'$)$



  


0XUDZVNL 
6XSSOHH



6'5DQG$656


IOLJKWVE

  


6KHKDGLHWDO




)OLJKWDWWHQGDQWDQG 
SLORWUHSRUWVWRWKH
DLUOLQHVXQLRQVDQG
6'5

  


0XUDZVNL



$)$

)$$ )2,$

  
$QGHUVRQ
UHTXHVW 
D
7KHQXPEHURIVPRNHRUIXPHHYHQWVFDXVHGE\EOHHGDLURLORUK\GUDXOLFIOXLGZDV
GHWHUPLQHGWREH.E$YHUDJHIUHTXHQF\IRUDOODLUFUDIWPRGHOV



Quantification of Contaminants
5HVXOWVRIHIIRUWVWRLGHQWLI\IXPHHYHQWFRQWDPLQDQWVDQGWKHLUFRQFHQWUDWLRQV
KDYHQRWDFFRXQWHGIRUWKHKHDOWKHIIHFWVUHSRUWHGE\FUHZV7KHLUUHJXODURFFXUUHQFHRI
IXPHHYHQWVSUHFOXGHVSODQQLQJDQGFROOHFWLRQRIZRUVWFDVHDLUVDPSOHVIRUDQDO\VLV
'D\0HJVRQHWDO &UXPSHWDO DE PRQLWRUHGDLUTXDOLW\DQG
FROOHFWHGVDPSOHVGXULQJIOLJKWVLQILYHGLIIHUHQWW\SHVRIDLUFUDIWDQGSURYLGHGWKH
FUHZVZLWKTXHVWLRQQDLUHVUHJDUGLQJIXPHV$OWKRXJKRIIOLJKWVKDGIXPHVRU
VPHOOVUHSRUWHGE\FUHZVQRQHRIWKHHYHQWVWULJJHUHGWKHDLUOLQH VSURWRFROIRUVDIHW\
LQFLGHQWUHSRUWLQJ
7KHLUILQGLQJVRIQRFRQWDPLQDQWFRQFHQWUDWLRQVH[FHHGLQJKHDOWKDQGVDIHW\
VWDQGDUGVDJUHHGZLWKWKHILQGLQJVRI6FKXFKDUGWHWDO  7KLVVWXG\LQGLFDWHGWKH
SUHVHQFHRI7&3LQVDPSOHVIURPD%RHLQJVXJJHVWLQJEOHHGDLUPD\QRWEHWKHRQO\
VRXUFHRI7&3+RXW]DJHUHWDO  IRXQGRIDLUVDPSOHVFROOHFWHGGXULQJ
GLIIHUHQWIOLJKWVRIQLQH%RHLQJDLUFUDIWFRQWDLQHG7&3LVRPHUVKRZHYHUWKHPHGLDQ
FRQFHQWUDWLRQVZHUHEHORZH[SRVXUHOLPLWV(YLGHQFHVXJJHVWVDQHHGIRUFRQVLGHUDWLRQRI
RWKHUSRVVLEOHFRQWDPLQDQWVDQGEHWWHUTXDOLW\WR[LFLW\VWXGLHV GH%RHUHWDO 
Health Effects
5HVHDUFKUHJDUGLQJGLDJQRVLVDQGWUHDWPHQWDQGFDXVDWLRQRILQMXU\RULOOQHVV
IURPH[SRVXUHWRKD]DUGRXVFRPSRXQGVGXULQJIXPHHYHQWVKDVQRWEHHQFRQFOXVLYH
,QGLYLGXDOUHVSRQVHDQGVXVFHSWLELOLW\WRH[SRVXUHDSSHDUWRYDU\JUHDWO\DPRQJVXEMHFWV
0LFKDHOLVHWDO 6WXGLHVWRPHDVXUHH[SRVXUHKDYHFRQVLVWHGRIHIIRUWVWRLGHQWLI\
DQGFKDUDFWHUL]HELRPDUNHUV 'LQJHWDO6FKRSIHUHWDO $ERX'RQLDHWDO
 KDYHOHGHIIRUWVWRVXEVWDQWLDWHH[SRVXUHXVLQJPDUNHUVLQFUHZPHPEHUV EORRG




7KH\IRXQGHOHYDWHGOHYHOVRIDXWRDQWLERGLHVLQIOLJKWFUHZVZLWKORZRUQROHYHOVRI
DQWLERGLHVGHWHFWHGLQKHDOWK\FRQWUROV(OHYDWHGDXWRDQWLERG\OHYHOVLQEORRGVDPSOHV
IURPFUHZPHPEHUVZHUHFRUURERUDWHGE\UHVHDUFKILQGLQJVIURP+DJHPDQHWDO
E 7KHVHILQGLQJVVXJJHVWHYLGHQFHRIFHQWUDOQHUYRXVV\VWHPGDPDJHEXWGRQRW
LQGLFDWHFDXVDWLRQ5RLJHWDO  IRXQGHYLGHQFHRIUHVSLUDWRU\V\PSWRPVLQWKUHH
SDWLHQWVZKLOHRQHSUHVHQWHGZLWKFHQWUDOQHUYRXVV\VWHPGDPDJHDVFOLQLFDO
PDQLIHVWDWLRQVIROORZLQJH[SRVXUHGXULQJDLUFUDIWIXPHHYHQWV3K\VLFDOV\PSWRPVDQG
ELRFKHPLFDOHIIHFWPRQLWRULQJLQHOHYHQDLUFUHZPHPEHUVZHUHVWXGLHGE\+HXWHOEHFNHW
DO  7KHLUILQGLQJVRIELRFKHPLFDOOHYHOVLQWKHEORRGLQGLFDWHGRUJDQRSKRVSKDWHV
RUUHODWHGFRPSRXQGVFRQWULEXWHGWRWKHREVHUYHGV\PSWRPVEXWGLUHFWFRUUHODWLRQ
EHWZHHQWKHV\PSWRPVDQGFKHPLFDOFRPSRXQGVSUHVHQWLQIXPHHYHQWVZDVQRWSRVVLEOH
6FKLQGOHUHWDO  PHDVXUHGKLJKHUOHYHOVRIVHYHUDO7&3PHWDEROLWHVLQXULQH
VDPSOHVIURPFUHZPHPEHUVFRPSDUHGWRWKHJHQHUDOSRSXODWLRQ5HQHPDQHWDO  
IRXQGFKDQJHVLQEUDLQZKLWHPDWWHUPLFURVWUXFWXUHDPRQJSLORWVDQGDOVRIRXQGPRUH
VHOIUHSRUWHGFRJQLWLYHFRPSODLQWVGHSUHVVLYHV\PSWRPVDQGLPSDLUHGUDQJHWHVWVFRUHV
LQSLORWVFRPSDUHGWRDFRQWUROJURXS7KLVVWXG\ZDVDOVRLQFRQFOXVLYHLQGHWHUPLQLQJ
FDXVDWLRQEHWZHHQWKHUHVHDUFKHUV REVHUYDWLRQVDQGH[SRVXUHWR7&3V)LQDOO\$ERX
'RQLDHWDO  FRQGXFWHGSRVWPRUWHPWHVWLQJRQDSLORWSUHVHQWLQJZLWKQHXURORJLFDO
GHILFLWVDQGFRQILUPHGDXWRDQWLERG\ELRPDUNHUVFRQVLVWHQWZLWKRUJDQRSKRVSKDWH
LQGXFHGQHXURWR[LFLW\&RQWUDU\WRWKHVHILQGLQJV%DJVKDZ  UHYLHZHGSUHYLRXV
UHVHDUFKDQGVXPPDUL]HGUHSRUWHGV\PSWRPVZHUHLQFRQVLVWHQWDQGRUGLQDU\H[SRVXUHWR
RUJDQRSKRVSKDWHVZDVLQVXIILFLHQWWRSURGXFHQHXURWR[LFLW\DQGWR[LFLQMXU\ZDVQRW
PHGLFDOO\IHDVLEOHZLWK7&3H[SRVXUHOHYHOVRQDLUFUDIW




Medical Emergencies on Aircraft
$VWXG\RIILYHLQWHUQDWLRQDODQGGRPHVWLFDLUOLQHVE\3HWHUVRQHWDO  IRXQG
FDOOVWRDSK\VLFLDQGLUHFWHGPHGLFDOFRPPXQLFDWLRQVFHQWHUIRULQIOLJKWPHGLFDO
HPHUJHQFLHVRFFXUUHGDWDUDWHRIRQHPHGLFDOHPHUJHQF\SHUIOLJKWV7KLVLVOLNHO\DQ
XQGHUUHSUHVHQWDWLRQRIWKHDFWXDOQXPEHUDQGWKHEXUGHQDVQRWDOOLQIOLJKWPHGLFDO
HPHUJHQFLHVUHVXOWLQFRQVXOWDWLRQVZLWKWKHPHGLFDOFRPPXQLFDWLRQVFHQWHU 0DUWLQ*LOO
HWDO6XO %DGDZD\ 6DQGHWDO  IRXQGDPRQJFRPPHUFLDO
DLUOLQHVRQO\IRXUFRXOGSURYLGHUHTXHVWHGUHSRUWVIRULQIOLJKWPHGLFDOHPHUJHQFLHV
7KHUHLVQRVWDQGDUGL]HGQDWLRQDORULQWHUQDWLRQDOUHSRUWLQJV\VWHPIRUWUDFNLQJLQIOLJKW
PHGLFDOHPHUJHQFLHVDPRQJWKHDLUOLQHV &KDQGUD &RQU\5XVNLQ6XO 
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Diversion
$WWKHRQVHWRIDIXPHHYHQWFUHZVVKRXOGDQWLFLSDWHDGLYHUVLRQDQGFKHFNOLVWV
VKRXOGFDOOIRUGLYHUVLRQXQOHVVWKHVRXUFHRIWKHIXPHVLVSRVLWLYHO\LGHQWLILHG
H[WLQJXLVKHGDQGWKHIXPHVDUHGLVVLSDWLQJ 0F.HQ]LH 'LYHUVLRQVUHSUHVHQWD
SRWHQWLDOLQFUHDVHGULVNRIDFFLGHQWVDQGLQMXULHVWRSDVVHQJHUVDQGFUHZVLQWKHHYHQWRI
DQHPHUJHQF\HYDFXDWLRQODQGLQJDWXQIDPLOLDUDLUSRUWVFKDQJHLQDLUWUDIILFSDWWHUQV
VKRUWUXQZD\VOLPLWHGILUHILJKWLQJFDSDELOLWLHVORVVRIFDUJRRULQIHULRUQDYLJDWLRQDODLGV
*$2 7KHGHFLVLRQWRGLYHUWUHTXLUHVFDUHIXOFRQVLGHUDWLRQRIWKHVHIDFWRUVZKLOH
ZHLJKLQJWKHLPPHGLDF\RIWKHVLWXDWLRQDQGWKHSRWHQWLDORXWFRPHRIWKHSDVVHQJHURU
FUHZPHPEHUDQGXOWLPDWHO\OLHVZLWKWKHFDSWDLQRIWKHDLUFUDIW ,$7$ 
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XQGHUUHSRUWHG )$$0LFKDHOLV:LQGHU 0LFKDHOLV 
3HWHUVRQHWDO  IRXQGDPRQJIOLJKWVZLWKPHGLFDOHPHUJHQFLHVRI
WKHVHIOLJKWVUHVXOWHGLQDLUFUDIWGLYHUVLRQ7KLVLVDQLQFUHDVHIURPWKHILQGLQJRIRI
DOOLQIOLJKWPHGLFDOHPHUJHQFLHVUHVXOWLQJLQDGLYHUVLRQDVIRXQGLQE\6DQGHWDO
$QHVWLPDWHGLQIOLJKWPHGLFDOHPHUJHQFLHVRFFXUZRUOGZLGHDQQXDOO\ZKLFKZLOO
OLNHO\LQFUHDVHLQQXPEHUDVDGGLWLRQDOIOLJKWVDUHDGGHGDQGPRUHSDVVHQJHUVWUDYHOE\
DLU 'HODXQHHWDO3HWHUVRQHWDO 
Previous Research in Fume Events
3UHYLRXVUHVHDUFKKDVSULRULWL]HGGRFXPHQWDWLRQRIWKHRFFXUUHQFHRIIXPHHYHQWV
SULPDULO\E\PRQLWRULQJDLUTXDOLW\DQGFROOHFWLQJZLSHVDPSOHVLGHQWLILFDWLRQRIWKH
VSHFLILFFRPSRXQGVDVVRFLDWHGZLWKIXPHHYHQWVDQGWKHLUHIIHFWVRQKXPDQKHDOWKDQG
ELRPRQLWRULQJRULGHQWLI\LQJELRPDUNHUVRIH[SRVXUHWRFRQWDPLQDQWVIRXQGLQIXPHVDV
GHWHFWHGLQERG\IOXLGVRUWLVVXH7DEOHKLJKOLJKWVIXPHHYHQWUHODWHGUHVHDUFKLQWKHVH
DUHDV




Table 3
Relevant Fume Event-Related Literature
7RSLFRI
,QWHUHVW
$LU4XDOLW\

5HVHDUFK7\SH

6DPSOH

/LPLWDWLRQV

0RQLWRULQJVDPSOH
FROOHFWLRQDQG
TXHVWLRQQDLUHV

IOLJKWVLQ
ILYHW\SHVRI
DLUFUDIW

2QHDLUOLQH
&UXPSHW
ORZWKUHVKROG DOD
IRUUHSRUWLQJ DQGE

$LU4XDOLW\

$LUDQGZLSH
VDPSOHV

IOLJKWVRI
QLQH%RHLQJ
V


%LRPRQLWRULQJ


'HVFULSWLYHFDVH
VWXG\

+HDOWK(IIHFWV

&DVH6WXG\

+HDOWK
(IIHFWV
%LRPDUNHUV

&DVHVWXG\

2QHDLUOLQH
OLPLWHG
QXPEHURIDLU
DQGZLSH
VDPSOHV



IOLJKWFUHZ 6PDOOVDPSOH
FRPSDUHGWR VL]H
KHDOWK\FRQWUROV V\PSWRPV
VHOIUHSRUWHG
XQNQRZQ
H[SRVXUH

DLUOLQHFUHZ
6PDOOVDPSOH
PHPEHUVZLWK VL]HODFNRI
UHVSLUDWRU\
VWDQGDUGL]HG
V\PSWRPV
WUHDWPHQW
SURWRFRO
DLUOLQHFUHZ
PHPEHUVZLWK
FHQWUDOQHUYRXV
V\VWHPGDPDJH



5HIHUHQFH

+RXW]DJHU
HWDO


$ERX
'RQLDHW
DO

5RLJHWDO


6PDOOVDPSOH +DJHPDQ
VL]HXQNQRZQ HWDO
H[SRVXUHV
E
VWXG\VKRZV
HYLGHQFHEXW
QRWFDXVDWLRQ










7RSLFRI
5HVHDUFK7\SH
,QWHUHVW
+HDOWK(IIHFWV  7HOHSKRQHVXUYH\
RUZULWWHQ
TXHVWLRQQDLUH
 &DVHVWXG\

+HDOWK(IIHFWV

+HDOWK(IIHFWV

6XUYH\

6XUYH\RI
H[SRVHG
DLUFUHZ

6DPSOH

/LPLWDWLRQV

5HIHUHQFH

VWXGLHV
FRQVLVWLQJRI
 SLORWV
DQG  
HYHQWV


/DFNRI
H[LVWLQJ
H[SRVXUH
SURWRFRODQG
VWDQGDUGL]HG
GDWD
FROOHFWLRQ

0LFKDHOLV
HWDO

6XEMHFWLYH
UHSRUWV

0LFKDHOLV


%RHLQJ
SLORW
UHVSRQGHQWV
UHSRUWHG
HYHQWV

$LUFUHZLQ8.
$XVWUDOLDDQG86

6HOIVHOHFWHG
+DUSHU
DLUFUHZ

VXEMHFWLYH
UHSRUWVVPDOO
VDPSOHVL]H

+HDOWK
&DVHVWXG\
(IIHFWV([SRVXUH

6'5UHSRUWVWR
XQLRQV

0HGLFDO
UHFRUGV
LQDFFHVVLEOH
RQHDLUOLQH

2FFXUUHQFH

$UFKLYDO
UHYLHZ

6'5$,'UHSRUWV 1RQDWLRQDO
DLUOLQHVDQGXQLRQ UHSRUWLQJ
RQOLQHVHDUFKHV
V\VWHPOLPLWHG
DFFHVVWR)$$
DQGIOLJKW
DWWHQGDQW
UHSRUWV

0XUDZVNL
DQG
6XSSOHH


2FFXUUHQFH

$UFKLYDO
UHYLHZ

6'5DQG$656

6KHKDGL
-RQHV 
+RVQL


8QGHUUHSRUWLQJ
RIHYHQWV
VPDOOQXPEHUV
RIDLUFUDIW
W\SHVG\QDPLF
HQYLURQPHQW

0XUDZVNL


7KHOLWHUDWXUHSURYLGHVHYLGHQFHRIWKHRFFXUUHQFHRIIXPHHYHQWVRQDLUFUDIWZLWK
FUHZVDQGSDVVHQJHUVH[SHULHQFLQJDFXWHDQGFKURQLFKHDOWKHIIHFWV9DULRXVUHVHDUFK



PHWKRGVKDYHEHHQXVHGWRGRFXPHQWWKHVHHYHQWVLQFOXGLQJWKHFROOHFWLRQRIDLUDQG
UHVLGXHVDPSOHVIRUDQDO\VLVRIKD]DUGRXVFRPSRXQGV%ORRGERG\IOXLGDQGWLVVXH
VDPSOHVIURPSHUVRQVZLWKVXVSHFWHGH[SRVXUHWRKD]DUGRXVFRPSRXQGVGXULQJIXPH
HYHQWVKDYHEHHQDQDO\]HGLQDQDWWHPSWWRLGHQWLI\FRPSRXQGVRUWKHLUPHWDEROLWHV
$OWKRXJKFRPSRXQGVKDYHEHHQLGHQWLILHGWKHFRQFHQWUDWLRQRIFRQWDPLQDQWVGXULQJWKH
H[SRVXUHSHULRGURXWHRIH[SRVXUHOHQJWKRIH[SRVXUHDQGLQGLYLGXDOVHQVLWLYLWLHVWR
KD]DUGRXVFRPSRXQGVFRQWULEXWHWRFRPSOLFDWHGFRQGLWLRQVZKLFKFDQQRWEH
VWDQGDUGL]HG7KHVHIDFWRUVDOVRFRQWULEXWHWRWKHFKDOOHQJHVLQQRUPDOL]LQJDFXWHDQG
FKURQLFKHDOWKHIIHFWVZLWKLQDQH[SRVHGSRSXODWLRQ
Gaps in the Literature
([LVWLQJOLWHUDWXUHLVSULPDULO\IRFXVHGRQGRFXPHQWLQJWKHRFFXUUHQFHRIIXPH
HYHQWVDQGWKHFRQWDPLQDQWVSUHVHQWLGHQWLI\LQJFRPSRXQGVDVVRFLDWHGZLWKIXPHHYHQWV
DQGWKHLUHIIHFWVRQKXPDQKHDOWKDQGLGHQWLI\LQJELRPDUNHUVRIH[SRVXUHWR
FRQWDPLQDQWV7KHVHVWXGLHVDUHUHDFWLYHUDWKHUWKDQSUHGLFWLYHUHVHDUFKHUVUHO\RQWKH
RFFXUUHQFHRIIXPHHYHQWVWRLQYHVWLJDWHWKHDIWHUHIIHFWV,GHQWLI\LQJIDFWRUVDVVRFLDWHG
ZLWKIXPHHYHQWVPD\EHWKHILUVWVWHSLQSUHGLFWLQJDQGPLWLJDWLQJWKHRFFXUUHQFHRI
IXPHHYHQWV5HFRJQLWLRQRIIXPHHYHQWRFFXUUHQFHFDQDLGLQYHULI\LQJDQGGRFXPHQWLQJ
RFFXUUHQFHVRIIXPHHYHQWVLGHQWLI\LQJFRQWDPLQDQWVFDSWXULQJTXDQWLWDWLYH
PHDVXUHPHQWVDQGGHYHORSLQJVWUDWHJLHVWRSURWHFWKXPDQKHDOWKDQGLPSURYHIOLJKW
VDIHW\5HVXOWVRIWKLVVWXG\VXSSRUWDSUHGLFWLYHDSSURDFKWRULVNPDQDJHPHQWDV
PDQGDWHGE\WKHVDIHW\PDQDJHPHQWV\VWHPVUHTXLUHGIRU3DUWFDUULHUV&RQWLQXRXV
LPSURYHPHQWLQVDIHW\E\LGHQWLILFDWLRQRIIDFWRUVDQGSUHGLFWLRQRIKD]DUGVWKURXJK




DQDO\VLVRIHPSOR\HHUHSRUWVDVSURSRVHGE\WKH)$$ )$$ LVQRWFXUUHQWO\
DSSOLHGWRIXPHHYHQWV
$ODFNRIUHVHDUFKFRQFHUQLQJWKHRFFXUUHQFHDQGWKHFLUFXPVWDQFHVUHODWHGWRWKH
RFFXUUHQFHRIIXPHHYHQWVLVFXUUHQWO\REVHUYHGUHVXOWLQJLQDJDSLQWKHERG\RI
NQRZOHGJHLQYROYLQJKD]DUGVDVVRFLDWHGZLWKFRQWDPLQDWHGEOHHGDLU3UHGLFWLYH
PRGHOLQJXVLQJNQRZQUHVXOWVWRFUHDWHSURFHVVDQGYDOLGDWHDPRGHOWRIRUHFDVWIXWXUH
RXWFRPHV )UDQNHQILHOG FDQSRWHQWLDOO\EHDSSOLHGWRWKHIRUHFDVWLQJRIIXPH
HYHQWVXVLQJGDWDZLWKUREXVWLGHQWLILFDWLRQDQGGRFXPHQWDWLRQRIIXPHHYHQWRFFXUUHQFH
&XUUHQWOLWHUDWXUHLQGLFDWHVDQDSSURSULDWHXVHRI$656GDWDWRLGHQWLI\YDULDEOHVRI
LQWHUHVWLQDYLDWLRQVDIHW\8VHRIWKRVHYDULDEOHVLQEXLOGLQJSUHGLFWLYHPRGHOVXVLQJGDWD
ZLWKFOHDULGHQWLILFDWLRQDQGGRFXPHQWDWLRQRIIXPHHYHQWVPD\EHDYDOXDEOHQH[WVWHS
7KH)$$ V$,'6FRQWDLQVDSOHWKRUDRILQIRUPDWLRQDQGLVSXEOLFO\DFFHVVLEOHKRZHYHU
WKLVGDWDEDVHFRQWDLQVLQIRUPDWLRQOLPLWHGWRDYLDWLRQLQFLGHQWVGHILQHGDVDQRFFXUUHQFH
RWKHUWKDQDQDFFLGHQWDVVRFLDWHGZLWKWKHRSHUDWLRQRIDLUFUDIWZKLFKDIIHFWVRUFRXOG
DIIHFWWKHVDIHW\RIRSHUDWLRQV )$$QGD 3ULRUWRWKHFRQWHQWVRIWKHQDUUDWLYH
ILHOGVZHUHOLPLWHGWRFKDUDFWHUVZKLFKPD\OLPLWWKHLQIRUPDWLRQSURYLGHG5HSRUWV
DIWHUFRQWDLQHQWLUHQDUUDWLYHVDVSUHSDUHGE\WKH)$$LQVSHFWRU )$$QGD DQG
DUHQRWSUHSDUHGE\WKHFUHZV
7KH)$$ V6'5V\VWHPFRQWDLQVSXEOLFO\DFFHVVLEOHUHSRUWVDQGIRFXVHVRQWKH
FDXVHRIWKHRFFXUUHQFHWRLPSURYHWKHVDIHW\DQGUHOLDELOLW\RIDHURQDXWLFDOSDUWVDQG
SURGXFWV,QDGGLWLRQDJRYHUQPHQWUHSRUWIRXQGDLUOLQHUHSRUWVWRWKH6'5V\VWHPYDULHG
VLJQLILFDQWO\GXHWRXQFOHDUUHSRUWLQJUHTXLUHPHQWVDQGIHDUVUHJDUGLQJSXEOLFDFFHVVWR
UHSRUWVLQDGHTXDWHGDWDODFNRIWLPHO\UHSRUWLQJDQGOLPLWHGDQDO\VLVUHVXOWHGLQORZ




TXDOLW\GDWDDQGPRVWXVHUVEHOLHYHGWKHSURJUDPVKRXOGQRWEHFRQWLQXHGXQOHVVWKH
)$$PDGHPDMRULPSURYHPHQWV *$2 $OWKRXJKJXLGDQFHLVSURYLGHGE\DQ
DGYLVRU\FLUFXODU )$$ DQGUHTXLUHGE\UHJXODWLRQ &)5&)5
&)5&)5 WKLVLQIRUPDWLRQLVLQFRQVLVWHQWO\
UHSRUWHGUHVXOWLQJLQSRRUTXDOLW\GDWDDQGDQLQFRPSOHWHGDWDEDVH *$26HUYLFH
'LIILFXOW\5HSRUWV 
7KHXVHRI$656GDWDIRUWKHLGHQWLILFDWLRQRIYDULDEOHVRILQWHUHVWLQ8$4DQG
IXPHHYHQWVDOORZVIRUGLUHFWXVHRIUHSRUWHUV QDUUDWLYHVDQGLQIRUPDWLRQIURPWKHLU
H[SHULHQFHVDQGFDQEHXVHGWRH[SORUHLPSRUWDQWIDFWRUVLQIOXHQFLQJWKHVHRFFXUUHQFHV
7KLVVWXG\FRQWULEXWHVWRUHGXFLQJWKLVNQRZOHGJHJDSDQGLPSURYLQJWKHKHDOWKDQG
VDIHW\RIFUHZVDQGSDVVHQJHUV
Theoretical Foundation
7KLVVWXG\XVHGWH[WPLQLQJPHWKRGVWRH[SORUHDQGLGHQWLI\LPSRUWDQWIDFWRUV
DVVRFLDWHGZLWKIXPHHYHQWVDQGXVHGGDWDPLQLQJPHWKRGVWRGHYHORSWUDLQYDOLGDWH
DQGWHVWPRGHOVWRLGHQWLI\LPSRUWDQWIDFWRUVLQWKHRFFXUUHQFHRIIXPHHYHQWV7H[W
PLQLQJ FRPELQHVGDWDPLQLQJDQGWH[WDQDO\WLFVLQWKHXVHRIXQVWUXFWXUHGRUWH[WXDOGDWD
ZLWKVWUXFWXUHGGDWDIRUH[SORUDWLRQGLVFRYHU\DQGFODVVLILFDWLRQRUSUHGLFWLYHPRGHOLQJ
'HDQ 'DWDPLQLQJLVWKHXVHRIPDFKLQHOHDUQLQJDOJRULWKPVWRILQGIDLQW
SDWWHUQVRIUHODWLRQVKLSEHWZHHQGDWDHOHPHQWVLQODUJHQRLV\DQGPHVV\GDWDVHWVZKLFK
FDQOHDGWRDFWLRQVWRLQFUHDVHEHQHILWLQVRPHIRUP GLDJQRVLVSURILWGHWHFWLRQHWF 
1LVEHWHWDOS %RWKGDWDDQGWH[WPLQLQJDOJRULWKPVKDYHEHHQXVHGLQSULRU
UHVHDUFKWRLGHQWLI\FODVVLI\DQGSUHGLFWWKHRFFXUUHQFHRIHYHQWVLQZKLFKDYLDWLRQ
VDIHW\PD\EHFRPSURPLVHG




Text Mining
+HDUVW  GHVFULEHGWH[WPLQLQJDVWKHGLVFRYHU\RIQHZSUHYLRXVO\XQNQRZQ
LQIRUPDWLRQE\DXWRPDWLFDOO\H[WUDFWLQJGDWDIURPQDWXUDOODQJXDJHWH[WLQVWHDGRIIURP
VWUXFWXUHGGDWDEDVHVRUILHOGVDQGLVDYDULDWLRQRIGDWDPLQLQJ$IRUPRIWH[WPLQLQJLV
WRSLFPRGHOLQJZKLFKLVDPHWKRGIRUILQGLQJJURXSVRIZRUGVRUWRSLFVIURPWH[WXDO
PDWHULDOWKDWEHVWGHVFULEHWKHLQIRUPDWLRQ6HYHUDOUHOHYDQWVWXGLHVGHPRQVWUDWLQJWKH
YHUVDWLOLW\DQGDSSURSULDWHQHVVRIWH[WPLQLQJIRUWKLVVWXG\DUHVKRZQLQ7DEOH

Table 4
Relevant Aviation Text Mining Literature
7RSLFRI
'DWD8VHG
,QWHUHVW
,GHQWLILFDWLRQ $656
RIIDFWRUV
FRQWULEXWLQJWR
DQRPDOLHV

/DWHQWWRSLFV
DQGWUHQGV

$656

$OJRULWKP8VHG

)LQGLQJV

5HIHUHQFH

,%06366
0RVWFRPPRQ
$QGU]HMF]DN
0RGHOHU7H[W FDWHJRU\
HWDO
$QDO\WLFV
FRQWDLQHG
FRQFHSWVUHODWHG
WRXQVDIH
FRQGLWLRQVWKHQ
E\UXOHEDVHG
WKHQVNLOOEDVHG
IROORZHGE\
NQRZOHGJH
EDVHGHUURUV

6WUXFWXUDOWRSLF
7ZRDSSURDFK
.XKQ
PRGHOLQJ
SDWKVDWRQH
DLUSRUW
IUHTXHQWO\
LGHQWLILHGLQ
LQFLGHQWUHSRUWV








7RSLFRI
'DWD8VHG
,QWHUHVW
5LVNIDFWRUVLQ $656
VDIHW\
PDQDJHPHQW
V\VWHPV



$OJRULWKP8VHG

)LQGLQJV

5HIHUHQFH

7RSLFPLQLQJDQG
WKUHH
FODVVLILFDWLRQ
DOJRULWKPV QDwYH
%D\HV+RHIIGLQJ
WUHHDQG
2]D%DJ$':,1 

2]D%DJ$':,1 6KLHWDO
LVEHVW

SHUIRUPLQJ
FODVVLILFDWLRQ
DOJRULWKP

$QGU]HMF]DNHWDO  LQYHVWLJDWHGUHODWLRQVKLSVEHWZHHQVSHFLILFIDFWRUVDQG
VHOIUHSRUWHGLUUHJXODULWLHVXWLOL]LQJFRUUHVSRQGHQFHDQDO\VLVDQGGDWDPLQLQJXVLQJ
H[LVWLQJWD[RQRPLHVDQGWH[WQDUUDWLYHVLQWKH$656GDWDEDVH)LQGLQJVUHYHDOHGD
EURDGO\GHILQHGKXPDQIDFWRUVFDWHJRU\DQGZHDWKHUFRQGLWLRQVZHUHWKHPDLQIDFWRUV
DVVRFLDWHGZLWKWKHVHOIUHSRUWHGDQRPDOLHV.XKQ  DSSOLHGVWUXFWXUDOWRSLF
PRGHOLQJDIRUPRIWH[WPLQLQJWRWKH$656GDWDEDVHWRWDNHDGYDQWDJHRIWKHYDOXDEOH
LQIRUPDWLRQSURYLGHGLQWKHIUHHWH[WLQWKHUHSRUWVDQGWKHXVHIXOPHWDGDWDLQFOXGHGLQ
WKHGDWDEDVH)LQGLQJVLGHQWLILHGNQRZQLVVXHVEXWDOVRUHYHDOHGSUHYLRXVO\XQUHSRUWHG
LVVXHVDQGDVVRFLDWLRQVEHWZHHQWRSLFV6KLHWDO  XVHGWRSLFPLQLQJPHWKRGVWR
H[WUDFWVWUXFWXUHGLQIRUPDWLRQIURPWH[WXDOGDWDFRQWDLQHGLQ$656UHSRUWQDUUDWLYHV
7KLVVWUXFWXUHGLQIRUPDWLRQZDVXVHGDVLQSXWLQWKUHHGDWDVWUHDPLQJDOJRULWKPVWRDVVHVV
WKHSRWHQWLDOIRUFODVVLILFDWLRQRIWKHLQFLGHQWVDQGWREXLOGDQGWHVWLQFLGHQWFDXVH
FODVVLILFDWLRQPRGHOV7KHEHVWSHUIRUPLQJPRGHOZDVWKH2]D%DJ$':,1DOJRULWKP
ZKLFKLVDQDGDSWDWLRQRIWKHEDJJLQJDOJRULWKPZLWKDQDGGHGGULIWGHWHFWRU DGDSWLYH
ZLQGRZLQJRU$':,1 EDVHGRQUHSODFLQJWKHZRUVWRIWKHFODVVLILHUVZLWKDQHZEDVH
FODVVLILHU 'LD]HWDO 





Data Mining
,GHQWLILFDWLRQRISUHFXUVRUVDQGFRPPRQFRQGLWLRQVHYHQWVRUEHKDYLRUV
DVVRFLDWHGZLWKVDIHW\LQFLGHQWVLVDYDOXDEOHIXQFWLRQRIGDWDPLQLQJ&OXVWHUDQDO\VLVLV
DGDWDPLQLQJWHFKQLTXHXVHGWRLGHQWLI\DQGJURXSVLPLODUGDWDSRLQWVRUSDWWHUQVLQD
GDWDVHWDQGFDQEHXVHIXOLQDQDO\]LQJODUJHDPRXQWVRIGDWD&OXVWHUEDVHGDQRPDO\
GHWHFWLRQZDVXVHGWRGHWHFWDEQRUPDOIOLJKWVIURPIOLJKWRSHUDWLRQVTXDOLW\DVVXUDQFH
)24$ SURJUDPVGDWDLQVWXGLHVE\/LHWDO  7KHLUILQGLQJVGHPRQVWUDWHWKH
FOXVWHUDQDO\VLVPHWKRGZDVDEOHWRGHWHUPLQHDEQRUPDOIOLJKWVZLWKRXWKDYLQJSUHYLRXV
NQRZOHGJHRIDQRPDOLHVDQGLVXVHIXOLQLGHQWLI\LQJDEQRUPDOIOLJKWVIURPURXWLQHIOLJKWV
$GGLWLRQDOUHVHDUFKXVLQJ)24$SURJUDPGDWDZDVFRQGXFWHGE\$VODQHUHWDO  
XVLQJDQDJJORPHUDWLYHKLHUDUFKLFDOFOXVWHULQJWHFKQLTXHWRLGHQWLI\DEQRUPDOIOLJKW
FKDUDFWHULVWLFVGXULQJWKHODQGLQJDSSURDFKSKDVHRIIOLJKW7KLVVWXG\GHPRQVWUDWHVWKH
DELOLW\RIWKHFOXVWHULQJDSSURDFKWRFODVVLI\ODQGLQJDSSURDFKHVXVLQJVHOHFWHGIOLJKWGDWD
DVLQSXWVWKHUHE\VDYLQJDQDO\VWV WLPHDQGHIIRUW
8VLQJVFDODEOHGDWDPLQLQJDOJRULWKPVWRDQDO\]H)24$GDWD0DWWKHZVHWDO
 IRXQGDQRPDOLHVLQDLUVSHHGPRGHFRQIXVLRQDQGXQVWDEOHDSSURDFKHVZHUHWKUHH
RSHUDWLRQDOO\VLJQLILFDQWHYHQWVOHDGLQJWRDYLDWLRQVDIHW\LQFLGHQWV)LQGLQJVIURPWKHVH
VWXGLHVGHPRQVWUDWHWKHDELOLW\WRGHWHUPLQHDEQRUPDOIOLJKWVZLWKRXWKDYLQJSUHYLRXV
NQRZOHGJHRIDQRPDOLHV
)ULVRHWDO  XVHGDFRPELQDWLRQRIPDFKLQHOHDUQLQJWHFKQLTXHVZKLFKGR
QRWUHTXLUHSUHGHILQHGFULWHULDRUGRPDLQNQRZOHGJHWRFKDUDFWHUL]HDQGLGHQWLI\
DVVRFLDWHGULVNSUHFXUVRUVXVLQJWKHILQDODSSURDFKUXQZD\UDGDUDQGZHDWKHUGDWDWR
SUHGLFWDEQRUPDODUULYDOUXQZD\RFFXSDQF\WLPHV)LQDODSSURDFKUXQZD\UDGDUGDWDDQG




ZHDWKHUGDWDZHUHXVHGWRGHWHUPLQHWKHWHQIHDWXUHVPRVWLQIOXHQWLDORQDUULYDOUXQZD\
RFFXSDQF\WLPH5HJUHVVLRQWUHHDQDO\VLVLQGLFDWHGDEQRUPDODQGQRUPDODUULYDOUXQZD\
RFFXSDQF\WLPHVFDQEHDFFXUDWHO\SUHGLFWHGZLWKDGYDQFHGNQRZOHGJHRIWKHWRSVHYHQ
IHDWXUHV2SHQVRXUFHTXDVLVWDOOIOLJKWWHVWGDWDIURPWKH*HUPDQ$HURVSDFH&HQWHUZHUH
XVHGE\.XPDU *KRVK  WRGHYHORSPRGHOVWRSUHGLFWXQVWHDG\DHURG\QDPLFVLQ
WKH'/5$77$6DLUFUDIW&ODVVLILFDWLRQDQGUHJUHVVLRQWUHHDQGUDQGRPIRUHVWPRGHOV
ZHUHGHYHORSHGDQGFRPSDUHGZLWKUDQGRPIRUHVWSURGXFLQJVOLJKWO\EHWWHUUHVXOWV
DOWKRXJKERWKPRGHOVZHUHIRXQGWREHYLDEOHDOWHUQDWLYHVWRPD[LPXPOLNHOLKRRG
HVWLPDWLRQV
7ZRGDWDPLQLQJPHWKRGVZHUHXVHGE\7UXRQJHWDO  WRSUHGLFWWKH
SUREDELOLW\RIIOLJKWGHOD\VEHWZHHQWZREXV\DLUSRUWV2SHUDWLRQVDQGSHUIRUPDQFHGDWD
ZHUHXVHGWREXLOGGHFLVLRQWUHHDQG%D\HVLDQLQIHUHQFHPRGHOV$OWKRXJKERWKPRGHOV
VKRZHGVLPLODULWLHVDQGGLIIHUHQFHVLQIOLJKWGHOD\SUHGLFWLRQUHVXOWVWKH%D\HVLDQPRGHO
SURYLGHGPRUHLQIRUPDWLRQRQFDXVDOUHODWLRQVKLSVEHWZHHQLPSDFWIDFWRUVDQGWKHWDUJHW
YDULDEOHZKLOHWKHGHFLVLRQWUHHZDVVOLJKWO\PRUHDFFXUDWHLQSUHGLFWLQJGHOD\V%RWK
PHWKRGVZHUHVKRZQWREHVXSHULRUWRRWKHUWUDGLWLRQDOSUHGLFWLRQPHWKRGV6HYHUDO
SUHGLFWLYHPRGHOVZHUHGHYHORSHGE\(WDQL  WRSUHGLFWRQWLPHIOLJKWDUULYDOXVLQJ
IOLJKWGDWDDQGZHDWKHUSUHVVXUHGDWDIURPWKUHHZHDWKHUREVHUYDWLRQVWDWLRQVLQ-DSDQ
*UDGLHQWERRVWLQJUDQGRPIRUHVWGHFLVLRQWUHH$GD%RRVWDQGVXSSRUWYHFWRUPDFKLQH
PRGHOVZHUHXVHGZLWKDQGZLWKRXWZHDWKHUGDWD5HVXOWVLQGLFDWHGWKHUDQGRPIRUHVWZDV
WKHVXSHULRUPRGHOZLWKDFFXUDF\LWDOVRRXWSHUIRUPHGWKHJUDGLHQWERRVWLQJPRGHOV
LQSUHFLVLRQDQGUHFDOO7UXRQJDQG&KRL  IRXQGWKHJUDGLHQWERRVWLQJDOJRULWKP
SURGXFHGWKHEHVWPRGHOIRUSUHGLFWLQJDLUVSDFHYLRODWLRQLQFLGHQWVDPRQJVPDOO




XQPDQQHGDLUFUDIWV\VWHPV$OJRULWKPVSUHYLRXVO\XVHGLQDYLDWLRQVDIHW\UHVHDUFKDUH
VXPPDUL]HGLQ7DEOHDQGLQFOXGHGHFLVLRQWUHHVDUWLILFLDOQHXUDOQHWZRUNVUDQGRP
IRUHVWV%D\HVLDQLQIHUHQFHDQGPXOWLSOHNHUQHODQRPDO\GHWHFWLRQ $VODQHUHWDO
(WDQL)ULVRHWDO.XPDU *KRVK/LHWDO0DWWKHZVHWDO
7UXRQJHWDO 

Table 5
Relevant Aviation Safety Data Mining Literature
7RSLFRI
,QWHUHVW

'DWD8VHG

$OJRULWKP8VHG

)LQGLQJV

$EQRUPDO
IOLJKWV

)24$

1RYHOFOXVWHU
DQDO\VLVPXOWLSOH
NHUQHO

&OXVWHUEDVHG
/LHWDO
DQRPDO\GHWHFWLRQ
SHUIRUPHGEHWWHU
ZLWKFRQWLQXRXV
SDUDPHWHUV
PXOWLSOHNHUQHO
DQRPDO\GHWHFWLRQ
ZDVPRUH
VHQVLWLYHZLWK
GLVFUHWH
SDUDPHWHUV

$EQRUPDOIOLJKW 
FKDUDFWHULVWLFV
)24$
GXULQJODQGLQJV


$JJORPHUDWLYH
KLHUDUFKLFDOFOXVWHU
DQDO\VLV

$EQRUPDOIOLJKW
FKDUDFWHULVWLFV
LGHQWLILHGGXULQJ
WKHODQGLQJSKDVH
RIIOLJKW


$VODQHUHWDO



)OLJKW
DQRPDOLHV


)24$


0XOWLNHUQHO
,QGH[2UFD
OHDUQLQJQRYHO
PXOWLYDULDWHWLPH
VHULHVVHDUFK


0DWWKHZVHW
DO


$EQRUPDO
UXQZD\
RFFXSDQF\
WLPHV


)LQDODSSURDFK
UDGDUGDWD
UXQZD\GDWD
DQGZHDWKHU
GDWD


/DVVRPXOWLOD\HU
SHUFHSWLRQQHXUDO
QHWZRUNDQG
UHJUHVVLRQWUHH


$LUVSHHGPRGH
FRQIXVLRQDQG
XQVWDEOH
DSSURDFKHVZHUH
VLJQLILFDQW
SUHGLFWRUV

5HJUHVVLRQWUHH
EHVWPRGHO



5HIHUHQFH


)ULVRHWDO



7RSLFRI
,QWHUHVW

'DWD8VHG

$OJRULWKP8VHG

)LQGLQJV

5HIHUHQFH

2QWLPH
SHUIRUPDQFH

)$$$YLDWLRQ
6\VWHP
3HUIRUPDQFH
0HWULFV
2SHUDWLRQDO
1HWZRUNDQG
%XUHDXRI
7UDQVSRUWDWLRQ
6WDWLVWLFV

'HFLVLRQWUHH
%D\HVLDQLQIHUHQFH

7UXRQJHWDO



2QWLPHIOLJKW
DUULYDO


)OLJKWDQG
ZHDWKHUGDWD


5DQGRP)RUHVW

'HFLVLRQWUHH
VOLJKWO\PRUH
DFFXUDWH%D\HVLDQ
PRGHOSURYLGHV
PRUHXVHIXO
UHODWLRQVKLS
LQIRUPDWLRQ
DPRQJLPSDFW
IDFWRUVDQGWDUJHW
YDULDEOH

DFFXUDF\LQ
RQWLPHDUULYDO

8QPDQQHG
DLUFUDIWV\VWHP
YLRODWLRQV
8$6 

)$$8$6
VLJKWLQJV
UHSRUWV

*UDGLHQWERRVWLQJ
FODVVLILFDWLRQ
UHJUHVVLRQ
GHFLVLRQWUHH
QHXUDO
QHWZRUNUDQGRP
IRUHVW%D\HVLDQ
QHWZRUNVDQG
0HPRU\%DVHG
5HDVRQLQJ




(WDQL

*UDGLHQWERRVWLQJ 7UXRQJ 
ZDVWKHPRVW
&KRL
DFFXUDWH
SUHGLFWLYHPRGHO
IROORZHGE\
UDQGRPIRUHVWDQG
GHFLVLRQWUHH
PRGHOV

7KHSURFHVVXVHGIRUGDWDPLQLQJLQWKLVVWXG\ZDVGHYHORSHGE\6$6DQG
IRFXVHVRQDORJLFDODQGPHWKRGLFDOVWUXFWXUHWRWKHPRGHOGHYHORSPHQWSKDVHWRDSSO\
H[SORUDWRU\VWDWLVWLFDODQGYLVXDOL]DWLRQPHWKRGVVHOHFWDQGWUDQVIRUPWKHPRVWLPSRUWDQW
YDULDEOHVPRGHOWKHYDULDEOHVWRSUHGLFWUHVXOWVDQGFRQILUPWKHDFFXUDF\RIWKHPRGHO
'HDQ 7KLVSURFHVVLQFOXGHGVDPSOLQJH[SORULQJPRGLI\LQJPRGHOLQJDQG
DVVHVVLQJ 6(00$ VWHSVVRPHRIZKLFKPD\EHUHSHDWHGVHYHUDOWLPHVEHIRUHWKH
FRPSOHWLRQRIWKHDQDO\VLV 6$6 7KH6(00$SURFHVVFDQEHXVHGUHJDUGOHVV
RIGDWDVL]HRUFRPSOH[LW\ 'HDQ 




Combined Text and Data Mining
7KHXVHIXOQHVVRIFRPELQLQJWH[WDQGGDWDPLQLQJWRROVKDVEHHQGHPRQVWUDWHG
XVLQJUHSRUWVIURPDQDLUOLQH VDYLDWLRQVDIHW\DFWLRQSURJUDPZKHUHWZRWH[WILHOGV
ZULWWHQE\WKHSLORWVXEPLWWLQJWKHUHSRUWDQGHLJKWVWUXFWXUHGILHOGVZHUHDQDO\]HG
1D]HUL 1D]HULHWDO  IRXQGWKHDSSOLFDWLRQRIWH[WDQGGDWDPLQLQJWRROVWR
$656GDWD\LHOGHGDORVVLQGHWDLOGXHWRWKHGHLGHQWLILFDWLRQRILQIRUPDWLRQ+RZHYHU
WKHUHVHDUFKHUVLQGLFDWHGGDWDLQWKH$656FRXOGEHQHILWIURPGDWDPLQLQJDQGQHLWKHU
ILHOGVKRXOGEHLJQRUHG,QDJUHHPHQWZLWK.XKQ1D]HULHWDO  REVHUYHGWKHODFN
RIGHWDLOLQUHVXOWVRIGDWDPLQLQJXVLQJ$656GDWDUHTXLUHVFDUHIXOUHYLHZE\VXEMHFW
PDWWHUH[SHUWVWRLQWHUSUHWDQGGHWHUPLQHDQLQWXLWLYHPHDQLQJWRILQGLQJVDQGGRHVQRW
GLPLQLVKWKHUROHRIWKHGDWDDQDO\VW
&KULVWRSKHUHWDO  DSSOLHGGLIIHUHQWGDWDPLQLQJPHWKRGVWRDLUFUDIW
DFFLGHQWUHSRUWV'LIIHUHQWIHDWXUHVHOHFWLRQWHFKQLTXHVDQGFODVVLILFDWLRQDOJRULWKPVZHUH
XVHGWRGHYHORSDFODVVLILFDWLRQPRGHOIRUH[DPLQLQJDQGUHGXFLQJDYLDWLRQULVNXVLQJ
GHFLVLRQWUHHLQGXFWLRQPHWKRGV'DWDPLQLQJPHWKRGVZHUHDOVRXVHGE\.RWHHVZDUDQHW
DO  WRLGHQWLI\DQGH[DPLQHHIIHFWLYHDWWULEXWHVWRUHGXFHWKHQXPEHURIDYLDWLRQ
DFFLGHQWV7KHDXWKRUVFRPELQHGWKHNQHDUHVWQHLJKERUFODVVLILHUDQGFRUUHODWLRQEDVHG
IHDWXUHVHOHFWLRQDOJRULWKPVZLWKDQRVFLOODWLQJVHDUFKWHFKQLTXHWRFODVVLI\DYLDWLRQ
DFFLGHQWULVNIDFWRUVLQDFLYLODLUFUDIWDFFLGHQWGDWDEDVH$VXPPDU\RIWKHVHVWXGLHVLV
IRXQGLQ7DEOH






Table 6
Relevant Aviation Data and Text Mining Literature
7RSLFRI
,QWHUHVW

'DWD8VHG

$OJRULWKP8VHG

)LQGLQJV

3URRIRI
&RQFHSW
'HPRQVWUDWLRQ

$6$3

)LQG6LPLODU
)LQG$VVRFLDWLRQVDQG
)LQG'LVWULEXWLRQVWRROV
LQ$YLDWLRQ6DIHW\'DWD
0LQLQJ:RUNEHQFKWRRO


$YLDWLRQ6DIHW\'DWD
0LQLQJ:RUNEHQFKWRRO

'DWDPLQLQJWRROV 1D]HUL
DUHKHOSIXOEXWGR
QRWHOLPLQDWHWKH
QHHGIRUKXPDQ
DQDO\VWV

XQLTXHHYHQW
RXWFRPHV
FROODSVHGLQWR
ULVNJURXSV
K\EULGPRGHO
RXWSHUIRUPV
LQGLYLGXDOPRGHOV


%HVWUHVXOWVDUH
IRXQGZLWKN11
FODVVLILHU

$VVLVWZLWK
$656
DQDO\VLVRIGDWD

,QFLGHQW
SUHGLFWLRQULVN


$656

+\EULGPRGHORIVXSSRUW
YHFWRUPDFKLQHDQG
GHHSQHXUDOQHWZRUNV
GHFLVLRQWUHH


,GHQWLI\DQG
H[DPLQH
DFFLGHQW
HIIHFWLYH
DWWULEXWHV


)$$
DFFLGHQW
LQFLGHQW
GDWDEDVH



,PSURYHGRVFLOODWHG
FRUUHODWLRQIHDWXUH
VHOHFWLRQDOJRULWKP
1DwYH%D\HVVXSSRUW
YHFWRUPDFKLQH
DUWLILFLDOQHXUDOQHWZRUN
NQHDUHVWQHLJKERU
PXOWLFODVVFODVVLILHUDQG
GHFLVLRQWUHH




5HIHUHQFH

'HLGHQWLILFDWLRQ 1D]HULHWDO
RI$656GDWD

UHVXOWVLQORVVRI
GHWDLOGRPDLQ
FDQEHQHILWIURP
GDWDPLQLQJ
OLQNLQJUHSRUWVWR
RWKHUGDWDVRXUFHV
FDQKHOSILQG
FDXVDO
UHODWLRQVKLSV


=KDQJ 
0DKDGHYDQ



.RWHHVZDUDQ
HWDO


Machine Learning Algorithms
0DFKLQHOHDUQLQJDOJRULWKPVXVHZHOOGHILQHGGDWDVHWVWRFUHDWHDVVRFLDWLRQV
GLVFRYHUSDWWHUQVILQGUHODWLRQVKLSVJHQHUDWHQHZVDPSOHVDQGPRUH %RQDFFRUVR
 $VSUHYLRXVO\LOOXVWUDWHGPDFKLQHOHDUQLQJKDVEHHQXVHGH[WHQVLYHO\LQDYLDWLRQ
DSSOLFDWLRQVWRSUHGLFWVHYHUDOFRQGLWLRQVLQFOXGLQJULVNIDFWRUVDFFLGHQWVXQVDIH
FRQGLWLRQVDQGDLUFUDIWDUULYDOWLPHV'HFLVLRQWUHHJUDGLHQWERRVWLQJORJLVWLF
UHJUHVVLRQDQGUDQGRPIRUHVWDOJRULWKPVZLOOEHXVHGWREXLOGWKHPRGHOVXVHGLQWKLV
VWXG\
Decision Tree.'HFLVLRQWUHHVDUHDQRQOLQHDUQRQSDUDPHWULFORJLFDOUXOHEDVHG
GDWDPLQLQJPHWKRGWKDWXVHVVXSHUYLVHGGLYLVLYHKLHUDUFKLFDOPHWKRGVWRVHJPHQWWKH
SRSXODWLRQLQWRQRGHVE\DSSO\LQJH[SOLFLWUXOHVIRUFODVVLILFDWLRQ 7XIIpU\ 7KH
URRWLVWKHILUVWQRGHRIWKHWUHHWKHWHUPLQDOQRGHVDUHOHDYHV7KHH[SUHVVLRQRIDUXOH
GHWHUPLQHVWKHSDWKEHWZHHQWKHURRWDQGHDFKOHDIZLWKWKHSRSXODWLRQLQHDFKQRGHVXE
SRSXODWLRQFRQWDLQLQJWKHODUJHVWSRVVLEOHSURSRUWLRQRILQGLYLGXDOVLQDVLQJOHFODVV
5XOHVDUHUHLWHUDWLYHO\DSSOLHGWRHDFKQHZQRGHZLWKHDFKSDUHQWQRGHVHSDUDWHGLQWRWZR
RUPRUHFKLOGQRGHVWRLQFUHDVHWKHGLVFULPLQDWLRQXQWLOUHDFKLQJWKHWHUPLQDWLRQFULWHULD
RUXQWLOWKHLQGLYLGXDOVFDQQRWEHIXUWKHUVHSDUDWHG
7KHDGYDQWDJHVRIGHFLVLRQWUHHVLQFOXGHWKHDELOLW\WRKDQGOHKHWHURJHQHRXVGDWD
PLVVLQJYDOXHVDQGQRQOLQHDUUHODWLRQVKLSVWKHLUUHODWLYHSRZHUDQGHDVHRIXVHWKHLU
UREXVWQHVVZLWKDYDULHW\RIGDWDDQGWKHHDVHRILQWHUSUHWDWLRQ GH9LOOH 1HYLOOH 
'LVDGYDQWDJHVRIGHFLVLRQWUHHVLQFOXGHUHGXFHGSHUIRUPDQFHZLWKDVPDOOWUDLQLQJVHW
ULJLGGHFLVLRQFULWHULDDQGRXWOLHUDWWULEXWHYDOXHV .DW]HWDO (IIRUWVZHUHPDGH
WRPLWLJDWHWKHVHHIIHFWVLQWKLVVWXG\DQDGHTXDWHVDPSOHVL]HIRUWKHWUDLQLQJVHWOLPLWHG




RYHUO\VLPSOLVWLFFODVVLILFDWLRQWUHHVDQGWKHGHFLVLRQDWHDFKQRGHZDVUHYLHZHGWR
HQVXUHWKHFODVVLILFDWLRQZDVFRUUHFW$OWHUQDWLYHSDWKVZHUHFRQVLGHUHGZKHUH
DSSURSULDWHDQGYDU\LQJPDUJLQVZHUHXVHGWRFODVVLI\WKHGDWDVHWDVQHHGHG
Gradient Boosting. *UDGLHQWERRVWLQJLVDSDUWLWLRQLQJDOJRULWKPWKDWVHHNVDQ
RSWLPDOSDUWLWLRQRIWKHGDWDDVGHWHUPLQHGE\WKHYDOXHVRIDVLQJOHYDULDEOHZLWKWKH
RSWLPDOLW\FULWHULRQGHSHQGHQWRQWKHGLVWULEXWLRQRIWKHWDUJHWYDULDEOHLQWRWKHSDUWLWLRQ
VHJPHQWV 6$6 $VWKHWDUJHWYDOXHVZLWKLQWKHVHJPHQWVDUHPRUHFRPSDUDEOH
WKHJUHDWHUWKHSURPLQHQFHRIWKHSDUWLWLRQ$FFRUGLQJWR6$6  PRVWSDUWLWLRQLQJ
DOJRULWKPVDGGLWLRQDOO\GLYLGHHDFKVHJPHQWLQDUHFXUVLYHSDUWLWLRQLQJSURFHVVZLWK
SDUWLWLRQVFRPELQHGWRSURGXFHDSUHGLFWLYHPRGHO7KHPRGHOFDQEHHYDOXDWHGE\
JRRGQHVVRIILWVWDWLVWLFVVSHFLILFIRUWKHWDUJHWYDULDEOHZLWKWKHVWDWLVWLFVLQGLFDWLQJD
GLIIHUHQWPHDVXUHIURPWKHZRUWKRIDQLQGLYLGXDOSDUWLWLRQ 6$6 
7KHJUDGLHQWERRVWLQJDOJRULWKPFUHDWHVDVHULHVRIGHFLVLRQWUHHVZKHUHHDFKWUHH
LQWKHVHTXHQFHRIWUHHVLVILWWRWKHUHVLGXDORIWKHSUHGLFWLRQEDVHGRQWKHHDUOLHUWUHHVLQ
WKHVHULHVWKXVHDFKWLPHWKHGDWDLVXVHGWRJURZDWUHHWKHDFFXUDF\LVFRPSXWHGIRU
HDFKWUHHDQGSUHGLFWLYHPRGHOVDUHGHYHORSHG 6$6QG ,QWKLVDOJRULWKPWKLV
ERRVWLQJDSSURDFKUHVDPSOHVWKHGDWDPXOWLSOHWLPHVWRSURGXFHUHVXOWVWKDW\LHOGD
ZHLJKWHGDYHUDJHRIWKHUHVDPSOHGGDWDVHW 6$6G $VHDFKVXFFHVVLYHVDPSOHLV
ZHLJKWHGFRUUHVSRQGLQJWRWKHFODVVLILFDWLRQDFFXUDF\RIWKHSUHYLRXVPRGHOVLWLV
UHIHUUHGWRDVVWRFKDVWLFJUDGLHQWERRVWLQJ 6$6E 7KLVPDFKLQHOHDUQLQJ
DOJRULWKPFDQEHXVHGWRFRQVWUXFWUHJUHVVLRQFODVVLILFDWLRQDQGUDQNLQJPRGHOVE\
VHTXHQWLDOO\ILWWLQJDVLPSOHSDUDPHWHUL]HGIXQFWLRQ EDVHOHDUQHU WRFXUUHQWSVHXGR
UHVLGXDOVE\OHDVWVTXDUHVDWHDFKLWHUDWLRQ )ULHGPDQ/LQG 1RDVVXPSWLRQV




DERXWWKHGLVWULEXWLRQRIWKHGDWDDUHUHTXLUHGIRUJUDGLHQWERRVWLQJDOJRULWKPVDQGWKH\
DUHOHVVSURQHWRRYHUILWWKHGDWDWKDQDVLQJOHGHFLVLRQWUHH 6$6F 
Logistic Regression./RJLVWLFUHJUHVVLRQLVDGDWDPLQLQJPHWKRGRIWHQSUHIHUUHG
IRUULVNSUHGLFWLRQGXHWRLWVJHQHUDOLW\LQWHUSUHWDELOLW\DQGUREXVWQHVV 7XIIpU\ 
5HOLDELOLW\PD\EHPRQLWRUHGXVLQJVWDWLVWLFDOLQGLFDWRUVDQGWKHPRGHOKDVQRUHTXLUHG
DVVXPSWLRQVIRUQRUPDOLW\KRPRVFHGDVWLFLW\RUOLQHDULW\ 7XIIpU\ ,QORJLVWLF
UHJUHVVLRQDOLQHDUFRPELQDWLRQRILQGHSHQGHQWSUHGLFWRUVFDQEHFRQYHUWHGWRDYDOXH
EHWZHHQ]HURDQGRQHXVLQJDORJLVWLFRUORJRIRGGVIXQFWLRQZKLFKFDQEHXVHGWR
HVWLPDWHWKHSUREDELOLW\RIDGLFKRWRPRXVRXWFRPH +HVV +HVV 7KLVSUREDELOLW\
FDQEHH[SUHVVHGDVRGGVZLWKWKHFRQWULEXWLRQRIHDFKSUHGLFWRUWRWKHRXWFRPH
H[SUHVVHGDVDQRGGVUDWLR +HVVH +HVV /RJLVWLFUHJUHVVLRQPRGHOVDUHDOVRILW
WKURXJKPXOWLSOHLWHUDWLRQVWKHUHVXOWVRIZKLFKFRQYHUJHRQDQDSSUR[LPDWHVROXWLRQ
ZKLFKLVGHWHUPLQHGE\HVWLPDWLQJWKHFRHIILFLHQWIRUHDFKSUHGLFWRUDQGWHVWLQJLI
FKDQJHVGHFUHDVHWKHVXPRIWKHVTXDUHGGHYLDWLRQV7KHPD[LPXPOLNHOLKRRGHVWLPDWHLV
UHDFKHGZKHQVPDOOFKDQJHVIDLOWRLPSURYHWKHVXPDWZKLFKSRLQWWKHSUREOHPLV
FRQVLGHUHGVROYHG
Random Forests.5DQGRPIRUHVWDOJRULWKPVDUHVXSHUYLVHGHQVHPEOHOHDUQLQJ
FODVVLILFDWLRQDOJRULWKPVWKDWDUHDFRPELQDWLRQRIGHFLVLRQWUHHSUHGLFWRUVZLWKHDFKWUHH
GHSHQGLQJRQWKHYDOXHVRIDUDQGRPYHFWRUWKDWLVVDPSOHGLQGHSHQGHQWO\ZLWKWKHVDPH
GLVWULEXWLRQRFFXUULQJIRUHDFKRIWKHWUHHVLQWKHIRUHVW %UHLPDQ 7KHUHVXOWLQJ
GRXEOHUDQGRPL]DWLRQRFFXUVZLWKWKHUDQGRPL]DWLRQRIYDULDEOHVHOHFWLRQDQG
UDQGRPL]DWLRQRIWKHOHDUQLQJVDPSOH 7XIIpU\ 7KHQRGHVRIWKHLQGLYLGXDO
GHFLVLRQWUHHVZLWKLQWKHUDQGRPIRUHVWFRQVLVWRIVSOLWVEDVHGRQDUDQGRPO\FKRVHQVHW




RIYDULDEOHVDQGVHUYHWRHQVXUHWKHVDPHYDULDEOHVGRQRWDSSHDUDWHYHU\QRGHGHFUHDVHV
WKHFRUUHODWLRQEHWZHHQWKHVXFFHVVLYHWUHHVDQGGHFUHDVHVWKHYDULDQFHRIWKHDJJUHJDWHG
PRGHO 7XIIpU\ 7KLVERRWVWUDSDJJUHJDWLQJRUEDJJLQJKHOSVWRUHGXFHRYHUILWWLQJ
DQGLPSURYHWKHSUHGLFWLRQDFFXUDF\RIWKHPRGHO 7XIIpU\ 
5DQGRPIRUHVWDOJRULWKPVKDYHSURGXFHGWKHPRVWDFFXUDWHFODVVLILFDWLRQUHVXOWV
LQVFLHQWLILFDQGPHGLFDOILHOGV 'LPLWULDGLV /DSDUDV DQGKDYHEHFRPH
H[WUHPHO\SRSXODUEHFDXVHRIWKHLUDELOLW\WRKDQGOHQRQOLQHDUO\FRUUHODWHGGDWD
VLPSOLFLW\VWDELOLW\LQWKHSUHVHQFHRIRXWOLHUVDQRSSRUWXQLW\IRUHIILFLHQWSDUDOOHO
SURFHVVLQJDQGUHVLVWDQFHWRQRLVHLQWKHGDWD &DUXDQD 1LFXOHVFX0L]LO6DULFD
HWDO7XIIpU\ 5DQGRPIRUHVWVPD\KDYHDGYDQWDJHVRYHURWKHU
PHWKRGRORJLHVLQWKHLULQFUHDVHGLPPXQLW\WRGDWDW\SHDQGFDSDELOLW\RIKDQGOLQJ
GLVFUHWHGDWDDQGWRDSSO\GLVFUHWL]DWLRQDOJRULWKPVWRGDWDEHIRUHWKHOHDUQLQJVWHS
0RUDGLHWDO 5DQGRPIRUHVWVDUHDOVRWROHUDQWRIRYHUOHDUQLQJGXHWRWKH
DYHUDJLQJRIWKHRXWSXWVRIWKHLQGLYLGXDOWUHHV 0RUDGLHWDO 5DQGRPIRUHVWV
KDQGOHPL[WXUHVRIFRQWLQXRXVDQGFDWHJRULFDOGDWDPLVVLQJYDOXHVZLGHGDWDZKHUHWKH
QXPEHURISUHGLFWRUVIDURXWQXPEHUVWKHQXPEHURIGDWDUHFRUGVDVZHOODVHDVHRIXVH
6DOIRUG6\VWHPV 
$QRWKHUEHQHILWRIWKHUDQGRPIRUHVWDOJRULWKPLVWKHDELOLW\WRUDQNWKH
SURPLQHQFHRILQSXWYDULDEOHVE\UDQGRPO\EXWLQGLYLGXDOO\SHUPXWLQJWKHYDOXHVRIHDFK
YDULDEOHDQGDSSUR[LPDWLQJWKHGURSLQDFFXUDF\ %UHLPDQ 7KLVIXQFWLRQZDV
HPSOR\HGWRGHWHUPLQHWKHLPSRUWDQFHRIWKHYDULDEOHVDVVRFLDWHGZLWKWKHRFFXUUHQFHRI
HYHQWVWKDWDUHQRWUHODWHGWR8$4HYHQWVWKDWDUHUHODWHGWR8$4EXWDUHQRWIXPH




HYHQWVDQGHYHQWVWKDWDUHSHUFHLYHGE\WKHUHSRUWHUVWREHIXPHHYHQWV)HDWXUHVHOHFWLRQ
DQGH[WUDFWLRQZHUHDSSOLHGSULRUWRWKHFODVVLILFDWLRQWRLPSURYHRYHUDOODFFXUDF\
7KHDFFXUDF\RIDUDQGRPIRUHVWGHSHQGVRQWKHVWUHQJWKRIWKHFODVVLILHUVRIHDFK
WUHHDQGVRPHPHDVXUHRIWKHLQGHSHQGHQFHEHWZHHQWKHP %UHLPDQ 5DQGRP
IRUHVWPRGHOVSHUIRUPEHVWZKHQWUHHVDUHJURZQWRDODUJHVL]HWKXVDUHZHOOVXLWHGIRU
WKHDQDO\VLVRIFRPSOH[GDWDVHWVZLWKPDQ\FROXPQVEXWRQO\DPRGHUDWHQXPEHURIURZV
6DOIRUG6\VWHPV 'LVDGYDQWDJHVRIUDQGRPIRUHVWVPD\LQFOXGHDULVNRI
RYHUILWWLQJWKHDPRXQWRIUHVRXUFHVUHTXLUHGLQWHUPVRIVRIWZDUHDQGFRPSXWDWLRQ
GLIILFXOW\LQLQWHUSUHWLQJWKHFODVVLILFDWLRQVUHTXLULQJVNLOODQGWLPHDQGWKHODFNRI
WUDQVSDUHQF\LQXVLQJWKLVblack boxPHWKRG 6KPXHOL%UXFH 3DWHO 
Summary
:LWKPDQ\XQNQRZQVVXUURXQGLQJWKHRFFXUUHQFHIUHTXHQF\HIIHFWVDQG
RXWFRPHRIIXPHHYHQWVGHYHORSLQJSUHYHQWLRQVWUDWHJLHVIRUWKHVHHYHQWVLVFKDOOHQJLQJ
(IIRUWVWRLGHQWLI\DQGFKDUDFWHUL]HHYHQWVDQGWKHSRWHQWLDOKHDOWKHIIHFWVDUHFXUUHQWO\
UHDFWLYHDQGRFFXUDIWHUDQHYHQWLVVXVSHFWHGDQGDUHPDGHPRUHGLIILFXOWZLWKDODFNRI
FRQVLVWHQWGDWDRUDQDWLRQDOUHSRUWLQJDQGWUDFNLQJV\VWHP,GHQWLILFDWLRQRIFRQGLWLRQV
HYHQWVDQGEHKDYLRUVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWVFRXOGSURYLGH
SDVVHQJHUVDQGFUHZZLWKHQKDQFHGVDIHW\DQGDLGDLUOLQHVLQOLPLWLQJKD]DUGRXV
FRQGLWLRQVDQGFRVWO\GHOD\VDQGGLYHUVLRQV
7KLVOLWHUDWXUHUHYLHZKDVSURYLGHGDIRXQGDWLRQIRUWKLVUHVHDUFK3XEOLVKHG
VWXGLHVXVLQJWH[WDQGGDWDPLQLQJPHWKRGVWRLGHQWLI\LPSRUWDQWIDFWRUVDVVRFLDWHGZLWK
VDIHW\LQFLGHQWVGHYHORSPRGHOVIRULGHQWLI\LQJIOLJKWDQRPDOLHVLPSURYLQJVDIHW\
LGHQWLI\LQJODWHQWWRSLFVDQGWUHQGVDQGWRLGHQWLI\IDFWRUVFRQWULEXWLQJWRDFFLGHQWVZHUH




UHYLHZHG7KHQH[WFKDSWHUGHVFULEHVWKHPHWKRGRORJ\IRUWKHLGHQWLILFDWLRQRILPSRUWDQW
IDFWRUVDVVRFLDWHGZLWK8$4DQGIXPHHYHQWVLQWKH$656GDWDVHWDQGWKHGHYHORSPHQW
DQGHYDOXDWLRQRISUHGLFWLYHPRGHOVWRDVVHVVWKHVHIDFWRUV







Chapter III: Methodology
7KLVPL[HGPHWKRGVWXG\XVHGTXDOLWDWLYHWH[WXDOGDWDDQGTXDQWLWDWLYHGDWDIURP
YROXQWDULO\VXEPLWWHGUHSRUWVWRH[DPLQHKRZWH[WPLQLQJWHFKQLTXHVFDQEHXVHGWR
H[SORUHDQGLGHQWLI\WKHPRVWLPSRUWDQWYDULDEOHVDVVRFLDWHGZLWK8$4DQGIXPHHYHQWV
DQGKRZGDWDPLQLQJDQGPRGHOLQJWHFKQLTXHVFDQEHXVHGWRLGHQWLI\LPSRUWDQWIDFWRUV
DVVRFLDWHGZLWK8$4DQGIXPHHYHQWRFFXUUHQFH
7KHOLWHUDWXUHUHYLHZLGHQWLILHGJDSVLQVFLHQWLILFGDWDDVVRFLDWHGZLWKWKH
RFFXUUHQFHRIIXPHHYHQWVLQFOXGLQJWKHLUIUHTXHQF\RIRFFXUUHQFHWKHLGHQWLILFDWLRQRI
KD]DUGRXVFRPSRXQGVDVVRFLDWHGZLWKIXPHHYHQWVDQGFDXVHVRISK\VLFDOQHXURORJLFDO
SK\VLRORJLFDODQGQHXURELRORJLFDOV\PSWRPVDVVRFLDWHGZLWKH[SRVXUHWRWR[LFIXPHV$
ODFNRIH[LVWLQJSUHGLFWLYHSURDFWLYHDQGUHDFWLYHGDWDDQGGDWDFROOHFWLRQPHWKRGVOLPLWV
WKHDELOLW\WRGRFXPHQWWKHRFFXUUHQFHRIIXPHHYHQWVDQGVXSSRUWWKHLGHQWLILFDWLRQRI
LQGLYLGXDOFRPSRXQGVDQGWKHLUUHODWLRQVKLSWRKHDOWKHIIHFWVIURPH[SRVXUHWRWR[LF
IXPHV7KHFRQWLQXHGRFFXUUHQFHRIIXPHHYHQWVH[SRVHVFUHZVDQGSDVVHQJHUVWR
KD]DUGVIURPH[SRVXUHWRWR[LFIXPHVIOLJKWGLYHUVLRQVDQGHPHUJHQF\ODQGLQJVDQGWKH
DLUOLQHVWRSRWHQWLDODGGHGILQDQFLDODQGOHJDOFRVWV
7KLVFKDSWHUGHVFULEHVWKHUHSRUWVFRPSULVLQJWKHGDWDEDVHGDWDPLQLQJVRIWZDUH
DQDO\WLFDOPHWKRGVDQGDOJRULWKPVXVHGLQWKLVVWXG\7KHSXUSRVHRIWKLVH[SORUDWRU\
GDWDGULYHQVWXG\ZDVWRH[SORUHWH[WXDODQGTXDQWLWDWLYHGDWDWRLGHQWLI\IDFWRUV
DVVRFLDWHGZLWKRFFXUUHQFHVRI8$4DQGIXPHHYHQWVDQGGHYHORSDQGWHVWGDWDPLQLQJ
DOJRULWKPVWRLGHQWLI\IDFWRUVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIWKHVHHYHQWV7KHUHYLHZ
RIH[LVWLQJOLWHUDWXUHIRXQGH[DPSOHVRIWH[WPLQLQJXVHGWRLGHQWLI\YDOXDEOHLQIRUPDWLRQ
IURP$656UHSRUWQDUUDWLYHVDQGGDWDPLQLQJPHWKRGVKDYHEHHQXVHGWRLGHQWLI\VDIHW\




SUHFXUVRUVLQ)24$GDWD6WUXFWXUHGLQIRUPDWLRQIURPWH[WDQGGDWDPLQLQJHIIRUWVKDV
EHHQXVHGLQYDULRXVDOJRULWKPVWRFUHDWHSUHGLFWLYHPRGHOVWKLVVWXG\DOVRFRQWULEXWHVWR
WKHFROOHFWLYHERG\RINQRZOHGJHDQGVDIHW\LPSURYHPHQWVDGYDQFHGE\WKHGHYHORSPHQW
RIPRGHOVWRLGHQWLI\LPSRUWDQWIDFWRUVDVVRFLDWHGZLWKKD]DUGRXVHYHQWV
Research Method Selection
$FRPELQDWLRQRIWH[WPLQLQJDQGPDFKLQHOHDUQLQJWHFKQLTXHVZDVXVHGWR
LGHQWLI\YDULDEOHVLQVHOIUHSRUWHGQDUUDWLYHVDQGLGHQWLI\WKHPRVWLPSRUWDQWIDFWRUV
DVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWV$QHZSDWWHUQZDVGHWHFWHGIRUWKH
LPSRUWDQWIDFWRUVLGHQWLILHGLQYROXQWDULO\UHSRUWHGGDWDIXQFWLRQLQJDVLQSXWYDULDEOHV
FRQWULEXWLQJWRWKHSUREDELOLW\RIWKHWDUJHWYDULDEOHV7KHWDUJHWYDULDEOHFRQVLVWHGRI
WKUHHOHYHOVRIUHSRUWHGHYHQWV
 (YHQWVWKDWDUHQRWUHODWHGWR8$4
 (YHQWVWKDWDUHUHODWHGWR8$4EXWDUHQRWIXPHHYHQWVDQG
 (YHQWVWKDWDUHUHSRUWHGWREHIXPHHYHQWV
7RDGGUHVVWKHUHVHDUFKTXHVWLRQVGDWDPLQLQJXVLQJGHFLVLRQWUHHJUDGLHQW
ERRVWLQJORJLVWLFUHJUHVVLRQDQGUDQGRPIRUHVWDOJRULWKPVZHUHXVHGWREXLOGPRGHOV
EDVHGRQWKHLQSXWYDULDEOHVLGHQWLILHGWKURXJKWKHWH[WPLQLQJSURFHVV
Population and Sampling Frame
7KHWDUJHWSRSXODWLRQIRUWKLVVWXG\ZDVWKHVHWRIDYLDWLRQHYHQWVRFFXUULQJLQ
&)53DUWRSHUDWLRQVLQWKH8QLWHG6WDWHVZKLFKDUHGRFXPHQWHGLQUHSRUWVVXEPLWWHG
WRWKH$6565HSRUWVDUHVXEPLWWHGE\LQGLYLGXDOVDQGUHYLHZHGE\$656SHUVRQQHO
5HSRUWVGHVFULELQJWKHVDPHHYHQWDUHJURXSHGDQGSUHVHQWHGDVRQHHYHQWRUFDVH




7KHVDPSOLQJIUDPHFRQVLVWHGRIUHSRUWVVXEPLWWHGWRWKH$656GXULQJ
GHVFULELQJVDIHW\LQFLGHQWVDPRQJ86DLUOLQHVUHJXODWHGXQGHU)HGHUDO$YLDWLRQ
5HJXODWLRQV&)53DUW'RPHVWLF)ODJDQG6XSSOHPHQWDO2SHUDWLRQV7KHVH
RSHUDWLRQVZHUHVHOHFWHGGXHWRWKHUHJXODWRU\VWDQGDUGL]DWLRQRIDLUFUDIWFUHZVWUDLQLQJ
DQGUHSRUWLQJUHTXLUHPHQWV7KHVDPSOLQJIUDPHLQFOXGHGHYHQWVUHSRUWHGE\DOOIOLJKW
FUHZDQGFDELQFUHZRSWLRQVIRUUHSRUWHUIXQFWLRQVLQFOXGLQJSLORWFDSWDLQFKHFNSLORW
ILUVWRIILFHUVHFRQGRIILFHUIOLJKWHQJLQHHULQVWUXFWRUSLORWIO\LQJSLORWQRWIO\LQJUHOLHI
SLORWVLQJOHSLORWWUDLQHHRWKHUDQGXQNQRZQIRUIOLJKWFUHZ)RUIOLJKWDWWHQGDQWV
IXQFWLRQVLQFOXGHGIOLJKWDWWHQGDQWRQGXW\LQFKDUJHRIIGXW\RWKHUDQGXQNQRZQ
Sample Size
7KHVDPSOLQJIUDPHFRQVLVWHGRILQFLGHQWVGHVFULEHGE\UHSRUWVVXEPLWWHGWRWKH
$656GXULQJE\IOLJKWFUHZDQGFDELQFUHZPHPEHUVDQGDYDLODEOHLQWKH
SXEOLFO\DFFHVVLEOHGDWDEDVH$IWHUGRZQORDGLQJWKH$656([FHOILOHGDWDZDV
XSORDGHGLQWR6$6(QWHUSULVH0LQHU70 6$6(070 )RUGDWDPLQLQJWKHFDVHVZHUH
SDUWLWLRQHGLQWRWUDLQLQJYDOLGDWLRQDQGWHVWVXEVDPSOHV3XEOLVKHGFULWHULDIRU
GHWHUPLQLQJWKHWHUPLQDWLRQRIDFWLYHOHDUQLQJLQWUDLQLQJGDWDIRUFODVVLILFDWLRQGRQRW
GLUHFWO\SUHGLFWDVDPSOHVL]HDOWKRXJKSUHYLRXVUHVHDUFKUHTXLUHGEHWZHHQWR
DQQRWDWHGVDPSOHVWRREWDLQPHDQDYHUDJHDQGURRWPHDQVTXDUHGHUURUEHORZ
)LJXHURDHWDO 7KHVDPSOHVL]HIRUWKLVVWXG\LQFOXGHGHYHQWVZLWK
QDUUDWLYHVUHSRUWHG)RXUUHSRUWVZHUHPLVFRGHGDQGZHUHUHMHFWHGDIWHUFRQVXOWDWLRQZLWK
DQ$656DQDO\VWIRUDWRWDORIHYHQWVDQGQDUUDWLYHILHOGV'DWDXVHGIRU
PRGHOWUDLQLQJDQGYDOLGDWLRQHDFKFRQVLVWHGRIIRUW\SHUFHQWRIWKHFDVHVRU
DSSUR[LPDWHO\VDPSOHVHDFK7KHUHPDLQLQJWZHQW\SHUFHQWRIWKHFDVHVRU




DSSUR[LPDWHO\VDPSOHVZHUHXVHGIRUWHVWLQJWKHPRGHOV0LQLQJDUHSUHVHQWDWLYH
VDPSOHUHGXFHVSURFHVVLQJWLPHDQGSDWWHUQVDSSHDULQJLQWKHFRPSOHWHGDWDVHWZLOOEH
LGHQWLILHGLQDUHSUHVHQWDWLYHVDPSOH 'HDQ 
Data Collection Process
7KLVUHVHDUFKVWXG\XVHGVHFRQGDU\GDWDFROOHFWHGE\1$6$DQGPDGHDYDLODEOH
LQWKH$6567KH)$$XWLOL]HV1$6$DVDWKLUGSDUW\WRPDLQWDLQWKH$656IROORZLQJD
PHPRUDQGXPRIDJUHHPHQW )$$E 1$6$DQDO\VWVUHFHLYHDQGSURFHVVDYLDWLRQ
VDIHW\UHSRUWVZKLFKDUHYROXQWDULO\VXEPLWWHGIURPSLORWVIOLJKWDWWHQGDQWVFRQWUROOHUV
PDLQWDLQHUVDQGRWKHUV7KHVHUHSRUWVPD\EHVXEPLWWHGHOHFWURQLFDOO\RURQZULWWHQ
IRUPVWKURXJKWKHSRVWDOV\VWHPRQ1$6$IRUP$5&%IRUIOLJKWFUHZVGLVSDWFKHUV
DQGRWKHUV VHH$SSHQGL[$ &DELQFUHZVXVHUHSRUWIRUP$5&& $SSHQGL[% 
ZKLOHUHSDLUPHQPHFKDQLFVDQGLQVSHFWRUVXVHUHSRUWIRUP'DQGDLUWUDIILF
FRQWUROOHUVXVHUHSRUWIRUP$
$QLQFHQWLYHIRUUHSRUWLQJLVSURYLGHGWKURXJKWKHDYDLODELOLW\RIZDLYHUVRI
GLVFLSOLQDU\DFWLRQFLYLOSHQDOWLHVRUVXVSHQVLRQRI)$$LVVXHGFHUWLILFDWHV7KH)$$
ZLOOQRWXVHLQIRUPDWLRQLQUHSRUWVVXEPLWWHGWR1$6$XQGHUWKH$656LQDQ\
HQIRUFHPHQWDFWLRQSURYLGHGWKHSRWHQWLDOYLRODWLRQVZHUHLQDGYHUWHQWDQGQRWGHOLEHUDWH
WKHDFWLRQVGLGQRWGLVFORVHDODFNRITXDOLILFDWLRQRUFRPSHWHQF\WKHUHSRUWHUKDVQRW
EHHQVXEMHFWWRDQ)$$HQIRUFHPHQWDFWLRQLQWKHILYH\HDUVSULRUWKHDFWLRQVZHUHQRW
DFFLGHQWVRUFULPLQDODFWLYLW\DQGWKHUHSRUWHUFDQSURYHZLWKLQGD\VDIWHUWKH
YLRODWLRQRUGDWHZKHQWKHSHUVRQEHFDPHDZDUHRIWKHYLRODWLRQWKH\VXEPLWWHGDUHSRUW
WR1$6$ )$$ (DFKUHSRUWIRUPFRQWDLQVDUHSRUWHULGHQWLILFDWLRQVWULS
LGHQWLI\LQJWKHSHUVRQVXEPLWWLQJWKHUHSRUWDQGSURYLGHV1$6$DQDO\VWVZLWKFRQWDFW




LQIRUPDWLRQLIWKHUHLVDQHHGWRFROOHFWDGGLWLRQDOLQIRUPDWLRQ1$6$VWDIIWLPHVWDPSV
WKHVWULSVDQGUHWXUQVWKHPWRWKHUHSRUWHUDVSURRIDUHSRUWZDVILOHG
2QFHUHFHLYHGUHSRUWVDUHUHYLHZHGE\DWHDPRIDQDO\VWVKD]DUGVDUHIODJJHGIRU
LPPHGLDWHDWWHQWLRQDQGUHSRUWVDUHFRGHGFODVVLILHGGHLGHQWLILHGDQGPDGHDYDLODEOHLQ
DSXEOLFO\DFFHVVLEOHGDWDEDVHKWWSVDVUVDUFQDVDJRYVHDUFKGDWDEDVHKWPO2QHHYHQW
PD\UHVXOWLQPXOWLSOHUHSRUWVDVSLORWVIOLJKWDWWHQGDQWVPDLQWDLQHUVDQGDLUWUDIILF
FRQWUROOHUVPD\HDFKEHLQYROYHGDQGLQGLYLGXDOO\UHSRUWDVLQJOHHYHQW$QDO\VWVUHYLHZ
UHSRUWVDQGLGHQWLI\FRPPRQHYHQWVDQGJURXSWKRVHUHSRUWVLQDVLQJOHHYHQWWKDW
FRQVWLWXWHVDFDVHZLWKLQWKH$656GDWDEDVH&ODVVLILFDWLRQVDQGFDXVHVRIHYHQWVDUH
GHWHUPLQHGE\DQDO\VWVDIWHUUHYLHZLQJUHSRUWVDQGDUHDOVRDYDLODEOHLQWKHGDWDEDVH
$656QGE 7KLVGDWDEDVHLVVHDUFKDEOHE\VHOHFWLQJILOWHUVVXFKDVWKH&)5SDUW
XQGHUZKLFKWKHIOLJKWZDVFRQGXFWHGWKHW\SHRIDLUFUDIWRUWKHUHSRUWHUSRVLWLRQ $656
QGF 
Design and Procedures
7KLVVHTXHQWLDOPL[HGPHWKRGUHVHDUFKRFFXUUHGLQWZRVWHSV,QWKHILUVWVWHSWH[W
PLQLQJWHFKQLTXHVZHUHXVHGWRGLVFRYHULPSRUWDQWYDULDEOHVIURPWKHXQVWUXFWXUHG
WH[WXDOGDWDFRQWDLQHGLQWKH$656UHSRUWQDUUDWLYHV,QWKHVHFRQGVWHSWKHGDWDPLQLQJ
SURFHVVFRPELQHGWKHVHLPSRUWDQWYDULDEOHVDQGDSSURSULDWHPHDQLQJIXOTXDQWLWDWLYH
YDULDEOHVLQWKHGDWDEDVHWRGHYHORSDQGWHVWPRGHOVIRUWKHLGHQWLILFDWLRQRIIDFWRUV
DVVRFLDWHGZLWKWKHWKUHHOHYHOVRIWKHWDUJHWYDULDEOHHYHQWVWKDWDUHQRWUHODWHGWR8$4
HYHQWVWKDWDUHUHODWHGWR8$4EXWDUHQRWIXPHHYHQWVDQGHYHQWVWKDWDUHUHSRUWHGWREH
IXPHHYHQWV,QWKLVPL[HGPHWKRGGHVLJQFDWHJRUL]HGDVGHYHORSPHQWGHVLJQWKH
VHTXHQWLDOXVHRITXDOLWDWLYHDQGTXDQWLWDWLYHPHWKRGVDOORZVUHVXOWVIURPWKHILUVWPHWKRG




WRLQIRUPWKHGHYHORSPHQWRUDQDO\VLVRIWKHVHFRQGPHWKRGDQGDVVHVVHVWKHVDPH
SKHQRPHQD *UHHQHHWDO $PL[HGPHWKRGGHVLJQLVDSSURSULDWHEHFDXVHWKH
$656GDWDEDVHFRQWDLQVERWKWH[WXDOGDWDIRXQGLQUHSRUWHUQDUUDWLYHVDQGHYHQWV\QRSVHV
DQGTXDQWLWDWLYHIOLJKWGDWDZKLFKFDQEHFRPELQHGLQPRGHOVGHYHORSHGWRDGGUHVVWKH
UHVHDUFKTXHVWLRQV&UHVZHOODQG&ODUN  LGHQWLILHGVHYHUDOVWUHQJWKVRIWKH
H[SORUDWRU\PL[HGPHWKRGGHVLJQLQFOXGLQJVWUDLJKWIRUZDUGGHVFULSWLRQLPSOHPHQWDWLRQ
DQGUHSRUWLQJDFFHSWDQFHRIWKHTXDOLWDWLYHDVSHFWE\WKHLQFOXVLRQRIWKHTXDQWLWDWLYH
DSSURDFKDQGDSSOLFDWLRQWRPXOWLSKDVHUHVHDUFKVWXGLHV7KLVVWXG\XVHGVHTXHQWLDO
H[SORUDWRU\PL[HGPHWKRGVLQZKLFKWKHTXDOLWDWLYHDQGTXDQWLWDWLYHFRPSRQHQWVZHUH
FRQGXFWHGLQVWDJHVZLWKWKHUHVXOWVRIWKHTXDOLWDWLYHWH[WPLQLQJLQIRUPLQJWKH
TXDQWLWDWLYHGDWDPLQLQJVWDJHRIWKHVWXG\2QZXHJEX]LHDQG/HHFK  LGHQWLILHG
VHYHUDODGGLWLRQDOVWUHQJWKVRIVHTXHQWLDOPL[HGPHWKRGVUHVHDUFK7KH\SRVLWXVLQJD
VHTXHQWLDOPL[HGPHWKRGDQDO\VLVLQDSUHGRPLQDQWO\TXDOLWDWLYHRUTXDQWLWDWLYHVWXG\FDQ
DGGUHVVWKHJRDOVRIFRPSOHPHQWDULW\GHYHORSPHQWDQGH[SDQVLRQ2QHGLVDGYDQWDJHRI
WKLVW\SHRIUHVHDUFKLVWKHSRWHQWLDOIRUWKHRUGHURIWKHTXDOLWDWLYHDQGTXDQWLWDWLYH
UHVHDUFKWRDIIHFWWKHLQWHUSUHWDWLRQRIGDWD 2QZXHJEX]LHHWDO $QRWKHUFRQFHUQ
LVWKHDQDO\VLVRIGDWDIRURQHFRPSRQHQWRIDPL[HGPHWKRGVWXG\FDQSRWHQWLDOO\DIIHFW
WKHDQDO\VLVDQGUHSRUWLQJRIGDWDLQDQRWKHUSDUWRIWKHVWXG\ 9RJWHWDO 7KH
VWUXFWXUHRIWKLVUHVHDUFKUHTXLUHGWKHTXDOLWDWLYHGDWDWREHDQDO\]HGILUVWZLWKWKHUHVXOWV
XVHGWRLQIRUPWKHTXDQWLWDWLYHDQDO\VLVWKXVWKHH[SHFWDWLRQLVIRUWKHLQLWLDOGDWD
DQDO\VLVWRLQIOXHQFHWKHODWWHUDQDO\VLV4XDOLWDWLYHDQGTXDQWLWDWLYHUHVHDUFKGHVLJQV
VKRXOGEHFRPELQHGZKHQRQHPHWKRGZLOOEHXVHGWRLQIRUPDQRWKHU 9RJWHWDO 
WKXVWKLVGHVLJQZDVDSSURSULDWHWRDGGUHVVWKHUHVHDUFKTXHVWLRQV




Text Mining. 7H[WPLQLQJLQYROYHVWKHHIILFLHQWDQDO\VLVDQGH[SORUDWLRQRI
XQVWUXFWXUHGRUWH[WXDOLQIRUPDWLRQIRUWKHH[WUDFWLRQRIPHDQLQJIXOLQIRUPDWLRQDQG
NQRZOHGJHIURPODUJHDPRXQWVRIWH[W +XVVHLQHWDO )UHHWH[WLQIRUPDWLRQIRXQG
LQWKHQDUUDWLYHVVXEPLWWHGE\UHSRUWHUVDQGV\QRSVHVGHYHORSHGE\$656DQDO\VWVPD\
FRQWDLQYDOXDEOHLQVLJKWLQWRIDFWRUVDVVRFLDWHGZLWK8$4DQGIXPHHYHQWV5HVXOWVRI
WH[WPLQLQJFDQEHFRPELQHGZLWKGDWDPLQLQJPRGHOVWRJUHDWO\LPSURYHWKHSUHGLFWLYH
SRZHURIPRGHOV &KDNUDERUW\HWDO 
7KHUHVXOWVRIPLQLQJGDWDIURPWKHIUHHWH[WILHOGVRIWKHUHSRUWVVXEPLWWHGWR
$656HQKDQFHGWKHPRGHOVGHYHORSHGWRLGHQWLI\IDFWRUVDVVRFLDWHGZLWKIXPHHYHQWVLQ
WKLVUHVHDUFK7KHILUVWIUHHWH[WILHOGRIWKH$656UHSRUWVLQFOXGHVDGHVFULSWLRQRIWKH
HYHQWRUVLWXDWLRQ7KHUHSRUWHULVDVNHGWRGLVFXVVWKHFKDLQRIHYHQWVLQFOXGLQJKRZWKH
SUREOHPDURVHFRQWULEXWLQJIDFWRUVKRZLWZDVGLVFRYHUHGDQGFRUUHFWLYHDFWLRQVDQG
KXPDQSHUIRUPDQFHFRQVLGHUDWLRQVLQFOXGLQJSHUFHSWLRQVMXGJPHQWVGHFLVLRQVIDFWRUV
DIIHFWLQJWKHTXDOLW\RIKXPDQSHUIRUPDQFHDQGDFWLRQVRULQDFWLRQV $656 7KH
VHFRQGIUHHWH[WILHOGLVDV\QRSVLVRIWKHHYHQWDVSURYLGHGE\WKHDQDO\VW$QDO\VWVKDYH
H[SHULHQFHLQDIXOOVSHFWUXPRIDYLDWLRQDFWLYLW\LQFOXGLQJDLUWUDIILFFRQWUROPLOLWDU\
FRUSRUDWHFRPPHUFLDODQGJHQHUDODYLDWLRQDQGPDLQWHQDQFHDQGDUHNQRZOHGJHDEOHLQ
KXPDQIDFWRUVDQGSV\FKRORJ\UHVHDUFKFUHZUHVRXUFHPDQDJHPHQWIDWLJXHDQGXVHU
LQWHUIDFHGHVLJQ $656QGE DQGDUHWKXVDEOHWRSURYLGHDFFXUDWHDQGVXFFLQFW
GHVFULSWLRQVRIHYHQWV
7KHWH[WPLQLQJSURFHVVRIWKLVVWXG\LQFOXGHGGDWDFROOHFWLRQWH[WSDUVLQJDQG
WUDQVIRUPDWLRQWH[WILOWHULQJDQGWH[WPLQLQJDVVKRZQLQ)LJXUH &KDNUDERUW\HWDO
 7KHFROOHFWLRQRIGDWDWRRNSODFHE\DSSO\LQJWKHDSSURSULDWHILOWHUVWRWKH$656




GDWDEDVHWRVHOHFWGDWDUHSRUWHGIURP&)53DUWRSHUDWLRQVLQWKH86GXULQJ
7KHVHGDWDZHUHGRZQORDGHGLQWRD0LFURVRIW([FHOVSUHDGVKHHWDQG
PDQXDOO\UHYLHZHGIRUFRPSOHWHQHVVDQGDFFXUDF\$QDYLDWLRQUHVHDUFKGDWDDQDO\VWDW
1$6$ZDVFRQVXOWHGWRFRQILUPYDULDEOHVDQGFRGLQJZKHQTXHVWLRQVDURVH$YDULDEOH
ZDVFUHDWHGWRFRQWDLQDOORIWKHUHSRUWQDUUDWLYHVLQRQHYDULDEOHIRUWKHWH[WPLQLQJ
SURFHGXUHV7KHVHGDWDZHUHWKHQLPSRUWHGLQWR6$6(070XVLQJWKH7H[W,PSRUWQRGH
7KLVQRGHH[WUDFWHGWH[WIURPWKHILOHVDQGSODFHGFRSLHVRIWKLVWH[WLQDSODLQWH[WILOH
DQGD6$6GDWDVHWWKDWZDVLPSRUWHGLQWRWKH7H[W3DUVLQJQRGH7KHVWHSVLQWKH
SURFHVVIORZGLDJUDPXVLQJ6$67H[W0LQHUDUHLOOXVWUDWHGLQ)LJXUH

Figure 2
The Text Mining Process Using SAS Text Miner


Note $VDGDSWHGIURP 7H[W0LQLQJDQG$QDO\VLV3UDFWLFDOPHWKRGVH[DPSOHVDQGFDVH
VWXGLHVXVLQJ6$6E\*&KDNUDERUW\03DJROXDQG6*DUOD6$6,QVWLWXWH,QF




Figure 3
The Process Flow Diagram Used in the Text Mining Process


Note.)URP6$67H[W0LQHU

Text parsing. 7KHILUVWVWHSLQFRQYHUWLQJXQVWUXFWXUHGWH[WWRDVWUXFWXUHGIRUPDW
IRUDQDO\VLVZDVWH[WSDUVLQJ &KDNUDERUW\HWDO DQGIRFXVHGRQWKHSUHSDUDWLRQRI
WKHGDWD7KHWH[WSDUVLQJVWHSXVHGWKH7H[W3DUVLQJQRGHDQGLQFOXGHGWRNHQL]DWLRQ
OHPPDWL]DWLRQDQGSDUWRIVSHHFK 326 WDJJLQJ7RNHQL]DWLRQLVWKHSURFHVVRIEUHDNLQJ
WKHVHULHVRIVHQWHQFHVFRQWDLQHGLQWKHQDUUDWLYHVLQWRXQLWVRUZRUGV &KDNUDERUW\HWDO
 $QDO\VLVRIWKHVWUXFWXUHDQGIRUPRIZRUGVLQPRVW,QGR(XURSHDQODQJXDJHVDOVR
LQFOXGHVVWHPPLQJLQDGGLWLRQWROHPPDWL]DWLRQDQG326WDJJLQJRIZRUGVDVWKHFRUH
SDUWRIDZRUGPXVWEHLGHQWLILHGWRDVVLVWLQGHWHUPLQLQJVLPLODULWLHVRIZRUGV 'LQJHWDO
 6$67H[W0LQHUXVHVDGLFWLRQDU\EDVHGDOJRULWKPWRVWHPZRUGVDQGDOORZVWKH
DXWRPDWLFDVVLJQPHQWRIV\QRQ\PVWRWHUPVDVUHSUHVHQWHGE\WKHIRUPRIWKHURRWZRUG
&KDNUDERUW\HWDO /HPPDWL]DWLRQLVXVHGZLWKVWHPPLQJWRLGHQWLI\URRWOH[LFDO
FRPSRQHQWVLQZRUGVWRUHGXFHWKHFRPSOH[LW\RIDGRFXPHQWZLWKRXWDORVVRI
LQIRUPDWLRQ &KDNUDERUW\HWDO 326WDJJLQJLVWKHSURFHGXUHLQZKLFKHDFKWRNHQ
RUZRUGLQDVHQWHQFHLVODEHOHGZLWKWKHDSSOLFDEOHSDUWRIVSHHFKVXFKDVQRXQYHUE
DGMHFWLYHDGYHUEHWF7KHWH[WSDUVLQJVWHSDOVRLQFOXGHGH[WUDFWLRQFOHDQLQJDQG




FUHDWLRQRIDGLFWLRQDU\RIZRUGVIURPWKHUHSRUWV7UDQVIRUPDWLRQXVHGOLQHDUDOJHEUD
EDVHGPHWKRGVWRQXPHULFDOO\UHSUHVHQWWKHWH[WLQDWHUPE\GRFXPHQWPDWUL[


7KHWH[WSDUVLQJSURFHVVHPSOR\HGWKHXVHRIDVWRSOLVWZKLFKLVDGDWDVHWRI

WHUPVRFFXUULQJVRIUHTXHQWO\WKH\GRQRWDGGYDOXHLQWKHLGHQWLILFDWLRQRIWRSLFVDQGFDQ
WKXVEHH[FOXGHGIURPWKHSDUVLQJUHVXOWV %DQNVHWDO $GHIDXOWVWRSOLVWVXSSOLHG
E\6$6(070FRQWDLQLQJFRPPRQZRUGVLQWKH(QJOLVKODQJXDJHDQGLQFOXGLQJSDUWRI
VSHHFK 326 WDJVZDVXVHGDVDQLQLWLDOVWRSOLVW3HUIRUPDQFHRIWKHVWRSOLVWZDV
RSWLPL]HGE\PRGLI\LQJWKLVEDVHOLVWE\PDQXDOO\DGGLQJDQGUHPRYLQJZRUGVDQGE\
UHPRYLQJ326WDJV(GLWLQJRFFXUUHGRYHUPXOWLSOHLWHUDWLRQVWRLQFOXGHDGGLWLRQDOWHUPV
WKDWFRQWDLQHGOLWWOHUHOHYDQWLQIRUPDWLRQRUZHUHH[WUDQHRXVWRWKHWH[WPLQLQJJRDODVWKH
PRVWHIIHFWLYHVWRSOLVWVFRQWDLQFRPPRQZRUGVWKDWDUHXVHGIUHTXHQWO\EXWSURYLGHWKH
OHDVWLQIRUPDWLRQLQWKHGDWD 6$6E 
$VFRQILUPHGE\=LSI 1HZPDQ WKHIUHTXHQF\LQZKLFKZRUGVDSSHDULQ
WKH(QJOLVKODQJXDJHIROORZVDSRZHUODZZKLFKPHDQVWKHIUHTXHQF\RIDQ\ZRUGLV
LQYHUVHO\SURSRUWLRQDOWRLWVUDQNLQDIUHTXHQF\WDEOHDQGLVVKRZQLQ=LSISORWVLQWKH
UHVXOWVSDJHRI6$6(070DQDO\VHV7KXVIUHTXHQWO\RFFXUULQJZRUGVWKDWGLGQRW
FRQWULEXWHWRWKHLGHQWLILFDWLRQRIWRSLFVZHUHUHPRYHGDQGLQFOXGHGWHUPVVXFKDV
DLUSODQHDLUFUDIWSODQHHWF=LSI¶VODZDOVRDSSOLHGWRWKHUHPRYDORILQIUHTXHQWZRUGV
FDOOHGVSDUVHWHUPVDWWKHWDLORIWKHGLVWULEXWLRQWRDLGLQUHGXFLQJSURFHVVLQJWLPHDQG
SRZHUUHTXLUHPHQWV %DQNVHWDO 7KHLWHUDWLYHSURFHVVRIGHYHORSLQJWKHVWRSOLVW
LQFOXGHGUHPRYLQJVSDUVHWHUPVZKLFKZHUHLQIUHTXHQWO\XVHGDQGGLGQRWFRQWULEXWHWR
WKHLGHQWLILFDWLRQRIWRSLFVDQGLQFOXGHGZRUGVVXFKDVMXPSVHDWMXPSVHDWHUDQGMXPS
VHDWHUV




Text Filtering. 7H[WILOWHULQJIROORZHGWKHWH[WSDUVLQJVWHS7KHXVHRIWKH7H[W
)LOWHUQRGHUHGXFHGWKHWRWDOQXPEHURIGRFXPHQWVWKDWZHUHDQDO\]HGDQGHOLPLQDWHG
XQLPSRUWDQWWHUPVDOORZLQJRQO\WKHPRVWUHOHYDQWWHUPVFRQWDLQLQJYDOXDEOH
LQIRUPDWLRQWREHLQFOXGHGLQWKHDQDO\VLV 6$6 7KH7H[W)LOWHUQRGHXVHGD
ZHLJKWHGWHUPE\GRFXPHQWPDWUL[WRDQDO\]HDQGHOLPLQDWHWHUPVWKDWGLGQRWFRQWULEXWH
YDOXHLQWKHGHYHORSPHQWDQGLGHQWLILFDWLRQRIWRSLFV7KHWHUPVDSSHDULQJOHVVIUHTXHQWO\
ZHUHDVVLJQHGKLJKHUZHLJKWVEHFDXVHWKH\EHWWHUGLIIHUHQWLDWHWKHQDUUDWLYHVLQWKH
GDWDVHWZKLOHWHUPVDSSHDULQJPRUHIUHTXHQWO\DUHDVVLJQHGKLJKHUZHLJKWVEHFDXVHWKH\
EHWWHUGHVFULEHWKHQDUUDWLYHV &KDNUDERUW\ 
7KHWHUPE\GRFXPHQWPDWUL[XVHVWKHVHWZRZHLJKWVWKHIUHTXHQF\ZHLJKWRU
WKHZHLJKWZLWKLQDGRFXPHQWDOVRFDOOHGWKHORFDOZHLJKWDQGWKHWHUPZHLJKWDOVR
FDOOHGWKHJOREDOZHLJKW7KHIUHTXHQF\ZHLJKWWUDQVIRUPVWKHIUHTXHQF\RIWKH
RFFXUUHQFHRIWKHZRUGLQWKHQDUUDWLYHXVLQJDZHLJKWLQJIXQFWLRQZKHUHDVWKHWHUP
ZHLJKWLVDVVLJQHGEDVHGRQWKHRYHUDOOIUHTXHQF\DQGWKHQDUUDWLYHIUHTXHQF\
&KDNUDERUW\HWDO 8VHGWRJHWKHUWKHZHLJKWLQJPHWKRGVLQWKHPDWUL[LGHQWLI\
LPSRUWDQWWHUPVWKDWFDQGLIIHUHQWLDWHWKHQDUUDWLYHVIURPHDFKRWKHU
Text Cluster. 7H[WPLQLQJPD\DOVRLQFOXGHFOXVWHULQJFODVVLILFDWLRQDQG
DVVRFLDWLRQDQDO\VLVWRLGHQWLI\WHUPVRUWRSLFVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPH
HYHQWV$FFRUGLQJWR-R  FOXVWHULQJLVWKHSURFHVVRIVHJPHQWLQJDJURXSRI
GLIIHUHQWGDWDSRLQWVLQWRVXEJURXSVRIVLPLODUGDWDZKLFKDUHFDOOHGFOXVWHUVZKLOH
FODVVLILFDWLRQLVWKHSURFHVVRIVHSDUDWLQJGDWDSRLQWVLQWRWKHLURZQFDWHJRULHV7KHUHDUH
VHYHUDOW\SHVRIFOXVWHULQJGHSHQGLQJRQWKHDUUDQJHPHQWDQGYLHZVRIWKHFOXVWHUVDOO
KDYHWKHREMHFWLYHRIPD[LPL]LQJWKHVLPLODULWLHVDPRQJWKHGDWDSRLQWVZLWKLQDFOXVWHU




DQGPLQLPL]LQJWKHVLPLODULWLHVDPRQJFOXVWHUV -R /HH &ODVVLILFDWLRQPD\EH
FRQGXFWHGXVLQJDUXOHEDVHGDSSURDFKZKHUHUXOHVDUHGHILQHGDQGHDFKGDWDSRLQWLV
FODVVLILHGDFFRUGLQJWRWKHUXOHVRUXVLQJDPDFKLQHOHDUQLQJEDVHGDSSURDFKZKHUHWKH
FODVVLILFDWLRQFDWHJRULHVDUHGHILQHGE\WKHVDPSOHGDWDDQGHDFKGDWDSRLQWLVFODVVLILHG
E\LW -R $VVRFLDWLRQLQYROYHVH[WUDFWLQJDVVRFLDWLRQVRIGDWDSRLQWVLQWKHIRUPRI
DQLIWKHQIRUPDW7KHJURXSVRIGDWDDUHJLYHQDVWKHLQSXWDQGDOLVWRIDVVRFLDWLRQUXOHV
ZKLFKDUHJLYHQDVWKHLIWKHQUHVSRQVHVDUHJHQHUDWHGDVWKHRXWSXW -R $VVKRZQ
LQ)LJXUHWKHWH[WSDUVLQJILOWHULQJWUDQVIRUPDWLRQWRSLFLGHQWLILFDWLRQDQGWH[W
PLQLQJVWHSVUHTXLUHGUHSHWLWLRQRIWKHDQDO\VLVXVLQJGLIIHUHQWWHUPVDQGVHWWLQJVIRU
RSWLPDOWH[WFOXVWHUUHVXOWV
Text Topic. 8VHRIWKH7H[W7RSLFQRGHZDVPRUHDSSURSULDWHWKDQWH[WFOXVWHULQJ
IRUH[SORULQJ$656QDUUDWLYHVIRUVHYHUDOUHDVRQV7KHQDUUDWLYHVIRUHDFKHYHQWZHUH
FRPELQHGLQWRRQHYDULDEOHIRUWH[WPLQLQJDQGH[WUDFWLRQRIYDULDEOHVIRUWKHPRGHOLQJ
SURFHVV7KLVLQFUHDVHGWKHRSSRUWXQLWLHVIRUDYDULHW\RIWHUPVDQGWRSLFVLQWKHYDULDEOH
DVHDFKUHSRUWHUSURYLGHVDXQLTXHSHUVSHFWLYHRIDQHYHQW0XOWLSOHWRSLFVZHUHIRXQGLQ
QDUUDWLYHVDOWKRXJKWKHLULQFOXVLRQLQWH[WFOXVWHUVZDVOLPLWHGWRRQHFOXVWHU)RU
H[DPSOHDUHSRUWIURPDSLORWPD\DFNQRZOHGJHDQXQVWDEOHDSSURDFKUHVXOWLQJIURPDQ
LQFUHDVHGDSSURDFKVSHHGGXHWRH[SHGLWHGSURFHGXUHVWRODQGDQDLUFUDIWZLWKDFDELQ
ILOOLQJZLWKVPRNHZRXOGRQO\EHLQFOXGHGLQRQHFOXVWHUDOWKRXJKVHYHUDOWRSLFVRU
WKHPHVH[LVWLQWKHUHSRUW)RUDJRDORIRQO\WRSLFH[SORUDWLRQWH[WFOXVWHULQJPD\
SURYLGHPRUHXVHIXOUHVXOWVLIWKHQDUUDWLYHVIURPHDFKUHSRUWDUHDQDO\]HGLQGLYLGXDOO\WR
SURYLGHDGGLWLRQDORSSRUWXQLWLHVWRLGHQWLI\WHUPVDQGWRSLFV




Data Mining.'DWDPLQLQJLVWKHSURFHVVRIILQGLQJDQRPDOLHVSDWWHUQVDQG
FRUUHODWLRQVZLWKLQODUJHGDWDVHWVWRSUHGLFWRXWFRPHV 6$6D'DWD0LQLQJ
VHFWLRQSDUD 3UHGLFWLYHPRGHOLQJHQWDLOVWKHDSSOLFDWLRQRIDVWDWLVWLFDOPRGHORUD
GDWDPLQLQJDOJRULWKPWRGDWDWRSUHGLFWXQNQRZQIXWXUHREVHUYDWLRQV 6KPXHOL 
'DWDPLQLQJWHFKQLTXHVZHUHXVHGLQWKLVVWXG\WRDQDO\]HUHSRUWVRIHYHQWVLQWKH$656
GDWDEDVHWRGHYHORSPRGHOVIRUWKHLGHQWLILFDWLRQRIIDFWRUVDVVRFLDWHGZLWKIXPHHYHQWV
7KH6$6,QVWLWXWH  LQWURGXFHGDQHIIHFWLYHPHWKRGRORJ\IRUWKHRSHUDWLRQDOGDWD
PLQLQJSURFHVVFRQVLVWLQJRIWKHIROORZLQJVWHSVNQRZQDV6(00$VDPSOHH[SORUH
PRGLI\PRGHODQGDVVHVV
7KLVVWXG\IROORZHGWKH6(00$SURFHVVXVLQJDSSURSULDWHVRIWZDUHIRUHDFK
DQDO\VLV7KH6(00$SURFHVVLQFOXGHGVDPSOLQJH[SORULQJPRGLI\LQJPRGHOLQJDQG
DVVHVVLQJVWHSVVRPHRIZKLFKPD\EHUHSHDWHGVHYHUDOWLPHVEHIRUHWKHFRPSOHWLRQRI
WKHDQDO\VLV7KLVSURFHVVLVGLVSOD\HGLQ)LJXUH




Figure 4
The SEMMA Process


Note.$GDSWHGIURPIntroduction to SEMMA," IURP6$6,QVWLWXWH,QF 0DUFK 
6$6(QWHUSULVH0LQHU5HIHUHQFH+HOS. KWWSVGRFXPHQWDWLRQVDVFRP"GRFVHW,G 
HPUHI GRFVHW7DUJHW QE]XUPHMMQMQMEEMMPDKWP GRFVHW9HUVLRQ  ORFDOH HQ


,QWKH6DPSOHVWHSGDWDIURPWKH$656GDWDEDVHZHUHGRZQORDGHGLQWRD
0LFURVRIW([FHOGDWDEDVHIRUGDWDPDQDJHPHQW9DULDEOHVGHWHUPLQHGWREHRI
VLJQLILFDQFHIURPWKHWH[WPLQLQJVWHSZHUHLQFOXGHGLQWKLVGDWDEDVH'DWDZHUHGLYLGHG
LQWRWUDLQLQJYDOLGDWLRQDQGWHVWVHWV7KHWUDLQLQJGDWDZHUHXVHGWRGHWHUPLQHWKH
FODVVLILHUVE\EXLOGLQJDQGWUDLQLQJWKHPRGHOVYDOLGDWLRQGDWDZHUHXVHGWRRSWLPL]HWKH
SDUDPHWHUVRIWKHFODVVLILHUVWRYDOLGDWHWKHUHVXOWLQJPRGHOV7KHWHVWGDWDZHUHXVHGWR
SUHGLFWWKHSHUIRUPDQFHRIWKHFODVVLILHURQGDWDWKDWZHUHQRWSDUWRIWKHIRUPDWLRQRIWKH
FODVVLILHU :LWWHQHWDO (DFKVHWRIWKHGDWDZDVVHSDUDWHDQGLQGHSHQGHQWIURP
RQHDQRWKHUEXWZHUHH[SHFWHGWREHUHSUHVHQWDWLYHRIWKHHQWLUHGDWDVHW




,QWKH([SORUHVWHSHDFKYDULDEOHWREHXVHGLQWKHGDWDPLQLQJSURFHVVZDV
UHYLHZHGIRURXWOLHUVPLVVLQJYDOXHVGLVWULEXWLRQNXUWRVLVVNHZQHVVDQGVWDWLVWLFDO
SURILOHVXVLQJWKH6$6([SORUHIXQFWLRQ'DWDZHUHH[SORUHGIRUUHODWLRQVKLSVWUHQGV
DQGDQRPDOLHVZLWKGHVFULSWLYHUHVXOWVRIWKHYDULDEOHVSURYLGHGZLWKUHFRPPHQGDWLRQV
IRUWUDQVIRUPDWLRQRUPRGLILFDWLRQRIYDULDEOHVLIQHHGHG7KLVLQIRUPDWLRQLVUHSRUWHGDV
EDVLFGHVFULSWLYHGDWDDQGLQFOXGHVUHSRUWHUSRVLWLRQDLUFUDIWPDQXIDFWXUHUSDVVHQJHURU
FDUJRIOLJKWSKDVHRIIOLJKWDQGRWKHUSHUWLQHQWLQIRUPDWLRQWREHWWHUXQGHUVWDQGWKH
GDWDVHW
9DULDEOHVHOHFWLRQIURPWKHGDWDPLQLQJSURFHVVDQGTXDQWLWDWLYHGDWDIURPWKH
$656GDWDVHWRFFXUUHGGXULQJWKH0RGLI\VWHS$Q\YDULDEOHYDOXHVQHHGLQJ
WUDQVIRUPDWLRQZRXOGEHWUDQVIRUPHGGXULQJWKH0RGLI\VWHS1RUHTXLUHPHQWIRU
PRGLILFDWLRQRIYDULDEOHYDOXHVZDVDQWLFLSDWHGDQGPLQLPDOPRGLILFDWLRQRIYDULDEOHV
WRRNSODFH
,QWKH0RGHOVWHSVXSHUYLVHGOHDUQLQJDOJRULWKPVZHUHXVHGLQFOXGLQJGHFLVLRQ
WUHHJUDGLHQWERRVWLQJORJLVWLFUHJUHVVLRQDQGUDQGRPIRUHVWDOJRULWKPVWRGHYHORS
PRGHOVWRLGHQWLI\IDFWRUVDVVRFLDWHGZLWKWKHWKUHHOHYHOVRIWKHWDUJHWYDULDEOHHYHQWV
WKDWDUHQRWUHODWHGWR8$4HYHQWVWKDWDUHUHODWHGWR8$4EXWDUHQRWIXPHHYHQWVDQG
HYHQWVZKLFKDUHUHSRUWHGWREHIXPHHYHQWV7KH([FHOILOHZDVXSORDGHGLQWR6$6
(070DQGIROORZHGWKHSURFHVVHVGHYHORSHGE\6$6IRUGDWDPLQLQJDQGFRQVWUXFWLQJ
PRGHOVXVLQJWKHGHFLVLRQWUHHJUDGLHQWERRVWLQJORJLVWLFUHJUHVVLRQDQGUDQGRPIRUHVW
DOJRULWKPV7KHGDWDVHWZDVSDUWLWLRQHGLQWRWZRHTXDOO\VL]HGVXEVDPSOHVIRUWUDLQLQJ
 DQGYDOLGDWLRQ  ZLWKWKHUHPDLQGHU  UHVHUYHGIRUWHVWLQJ




%HIRUHGHYHORSLQJWKHPRGHOVWKHWDUJHWYDULDEOHVZHUHSURILOHGXVLQJWKH6$6
$VVHVVIXQFWLRQWRUHGXFHGLPHQVLRQDOLW\E\UHPRYLQJUHGXQGDQWYDULDEOHVDQGYDULDEOHV
ZKLFKDUHQRWUHOHYDQWWRWKHWDUJHWYDULDEOHV,QWKH$VVHVVVWHSWKHRXWFRPHVRIWKH
PRGHOVZHUHFRPSDUHGDQGHYDOXDWHGIRUUHOLDELOLW\DQGYDOLGLW\$VVHVVPHQWRIWKH
UHVXOWVIURPWKHWUDLQLQJYDOLGDWLRQDQGWHVWPRGHOVZDVSULPDULO\FRQVLGHUHGDQ
DVVHVVPHQWLQUHOLDELOLW\DQGPRGHOYDOLGLW\ZDVHYDOXDWHGXVLQJPLVFODVVLILFDWLRQUDWHWR
GHWHUPLQHPRGHODFFXUDF\UHFHLYHURSHUDWLQJFKDUWFXUYHVDQGOLIWFKDUWVZHUHXVHGWR
GHWHUPLQHPRGHOSUHGLFWLYHSRZHU
8VLQJWKH$656GDWDEDVHWKHGHYHORSPHQWRIWKHPRGHOVXVHGGDWDIURPHYHQWV
WKDWKDYHUHVXOWHGLQWKHUHSRUWLQJRIWKHLQFLGHQFHRI8$4DQGIXPHHYHQWV0RGHOV
ZHUHGHYHORSHGEDVHGRQIDFWRUVDVVRFLDWHGZLWKWKHWKUHHOHYHOVRIWKHWDUJHWYDULDEOH
HYHQWVWKDWDUHQRWUHODWHGWR8$4HYHQWVWKDWDUHUHODWHGWR8$4EXWDUHQRWIXPH
HYHQWVDQGHYHQWVWKDWDUHUHSRUWHGWREHIXPHHYHQWV9DULDEOHVH[WUDFWHGIURPWKHWH[W
PLQLQJSURFHVVZHUHXWLOL]HGDVLQSXWYDULDEOHVDQGZHUHLQFOXGHGZLWKWKHDSULRUL
TXDQWLWDWLYHYDULDEOHVIURPWKH$656GDWDVHWZKLFKZHUHSULPDULO\FDWHJRULFDO$OLVWRI
WKHVHH[SHFWHGYDULDEOHVLVIRXQGLQ7DEOH





Table 7
A Priori ASRS Variables and Their Attributes for Model Development
9DULDEOH

9DULDEOH7\SH

/RFDO7LPH

,QSXW

9DULDEOH
6FDOH
2UGLQDO

$OWLWXGH


,QSXW

,QWHUYDO

6LQJOHYDOXHLQPHDQVHD
OHYHOIHHW

$LUFUDIW0DNH
0RGHO

,QSXW

1RPLQDO

0DNHDQGPRGHORIWKH
DLUFUDIWLQYROYHG HJ%
$ 

0LVVLRQ

,QSXW

1RPLQDO

3XUSRVHRIWKHIOLJKW HJ
FDUJRSDVVHQJHU 

)OLJKW3KDVH

,QSXW

1RPLQDO

3KDVHRIDLUFUDIWIOLJKWZKHQ
WKHHYHQWZDVGHWHFWHG HJ
WD[LSDUNHGWDNHRIIFOLPE
FUXLVH 

$LUVSDFH

,QSXW

1RPLQDO

$LUVSDFHWKHDLUFUDIW
RFFXSLHGZKHQWKHHYHQW
RFFXUUHG HJ&ODVV$%&
'(* 

$LUFUDIW
&RPSRQHQW

,QSXW

1RPLQDO

&RPSRQHQWGHWHUPLQHGWREH
UHVSRQVLEOHIRUWKHHYHQWDV
FRGHGE\DQDO\VW HJ
HQJLQHDX[LOLDU\SRZHUXQLW
DLUFRQGLWLRQLQJ 

&RPSRQHQW
3UREOHP

,QSXW

1RPLQDO

5HDVRQIRUWKHSUREOHPZLWK
WKHFRPSRQHQW HJGHVLJQ
IDLOXUHPDOIXQFWLRQ 








'HVFULSWLRQ
/RFDOWLPHLQKRXU
EORFNVLQKRXUFORFN






9DULDEOH

9DULDEOH7\SH

9DULDEOH
6FDOH

'HVFULSWLRQ

$QRPDO\

,QSXW

1RPLQDO

$QRPDO\FDWHJRU\LVDQ
HYHQWW\SHDVFRGHGE\
DQDO\VW HJDLUFUDIW
HTXLSPHQWSUREOHPIOLJKW
GHFNFDELQDLUFUDIWHYHQW 

:HUH3DVVHQJHUV
,QYROYHGLQ(YHQW

,QSXW


1RPLQDO

3DVVHQJHULQYROYHPHQWLQWKH
HYHQW<HV  RU1R  

'HWHFWRU

,QSXW

1RPLQDO

(QWLW\UHVSRQVLEOHIRU
GHWHFWLRQRIWKHHYHQWDV
FRGHGE\DQDO\VW HJ
SHUVRQIOLJKWFUHZSHUVRQ
RWKHUDXWRPDWLRQDLUFUDIW 

&RQWULEXWLQJ
)DFWRUV6LWXDWLRQV

,QSXW

1RPLQDO

)DFWRUVWKDWFRQWULEXWHGWR
WKHHYHQWDVFRGHGE\$656
DQDO\VW HJDLUFUDIWKXPDQ
IDFWRUVHQYLURQPHQW 

3ULPDU\3UREOHP

,QSXW

1RPLQDO

3ULPDU\SUREOHPZKLFK
FRQWULEXWHGWRWKHHYHQWDV
FRGHGE\$656DQDO\VW HJ
DLUFUDIWKXPDQIDFWRUV
FRPSDQ\SROLF\ 

Sources of the Data
7KLVVWXG\XVHGFRQWHQWDQDO\VLVRIVHFRQGDU\DUFKLYDOGDWDIRXQGLQWKH$656
GDWDEDVH KWWSVDVUVDUFQDVDJRYVHDUFKGDWDEDVHKWPO 7KH$656GDWDEDVHFRQWDLQV
RYHUPLOOLRQYROXQWDULO\VXEPLWWHGFRQILGHQWLDOUHSRUWVIURPSLORWVIOLJKWDWWHQGDQWV
PDLQWDLQHUVDLUWUDIILFFRQWUROOHUVDQGRWKHUV $656 7KHVHUHSRUWVFRQWDLQ
TXDOLWDWLYHDQGTXDQWLWDWLYHGDWDVXEPLWWHGE\UHSRUWHUVDQGFRGHGE\DQDO\VWVWRSUHYHQW
DYLDWLRQDFFLGHQWVE\LGHQWLI\LQJGHILFLHQFLHVDQGGLVFUHSDQFLHVVXSSRUWLQJSROLFLHVDQG
SODQQLQJWRLPSURYHWKHQDWLRQDODYLDWLRQV\VWHPDQGVWUHQJWKHQLQJWKHIRXQGDWLRQRI
DYLDWLRQKXPDQIDFWRUVUHVHDUFK $656QGD $IWHUUHSRUWVDUHUHFHLYHGWKH\DUHUHDG
E\WKHDQDO\VWVDFWHGXSRQLIQHFHVVDU\FODVVLILHGDQGFRGHGDQGGHLGHQWLILHGDQG



LQFRUSRUDWHGLQWRWKHGDWDEDVHZKLFKLVSXEOLFO\DFFHVVLEOH7KHGDWDEDVHLVVHDUFKDEOH
IRUWKLVVWXG\WKHVHDUFKWHUPVXVHGZHUHWKHGDWHRIWKHLQFLGHQW -DQXDU\WR
'HFHPEHU )HGHUDODYLDWLRQUHJXODWLRQV 3DUW DQGUHSRUWHUIXQFWLRQ IOLJKW
DWWHQGDQWDQGIOLJKWFUHZDOOSRVLWLRQV 5HSRUWVDUHDYDLODEOHLQ([FHOFRPPD
VHSDUDWHGYDOXHVILOHVRU:RUGILOHVDQGZHUHGRZQORDGHGLQ([FHO$IWHUGDWDFOHDQLQJ
ZDVFRQGXFWHGWKHILOHVZHUHFRQYHUWHGLQWR6$6ILOHVXVLQJ6$66WXGLR
7KHGDWDEDVHFRQWDLQVSRWHQWLDOYDULDEOHILHOGVLQFOXGLQJTXDQWLWDWLYHIOLJKW
GDWDDIUHHWH[WQDUUDWLYHSURYLGHGE\WKHUHSRUWHUDQGDWH[WXDOV\QRSVLVDVVXPPDUL]HG
E\DQDQDO\VW6$67H[W0LQHUVRIWZDUHZDVXVHGWRLGHQWLI\VLJQLILFDQWYDULDEOHV
DVVRFLDWHGZLWKIXPHHYHQWVIURPWKHQDUUDWLYHWH[WILHOGVZKLFKZHUHFRPELQHGZLWK
SHUWLQHQWTXDQWLWDWLYHIOLJKWYDULDEOHVWRGHYHORSDQGWHVWWKHPRGHOVXVLQJ6$6(070
7KHVHYDULDEOHVLQFOXGHGEXWZHUHQRWOLPLWHGWRUHSRUWHUSRVLWLRQPDNHDQGPRGHORI
DLUFUDIWSKDVHRIIOLJKWHYHQWW\SHDQGSULPDU\SUREOHP$OLVWRIDSULRULSURSRVHG
YDULDEOHVDQGWKHLUDWWULEXWHVLVIRXQGLQ7DEOH
Ethical Consideration
7KHGDWDVRXUFHXVHGLQWKLVUHVHDUFKLQFOXGHGDUFKLYDOGDWDSURYLGHGRQD
SXEOLFO\DFFHVVLEOHZHEVLWH$QDO\VWVDW1$6$KDYHGHLGHQWLILHGWKHGDWDEHIRUH
LQFOXVLRQLQWKHGDWDVHW $656QGG 1RKDUPWRKXPDQVXEMHFWVRFFXUUHGDVDUHVXOWRI
WKLVUHVHDUFK,QDFFRUGDQFHZLWKWKH(PEU\5LGGOH$HURQDXWLFDO8QLYHUVLW\,QVWLWXWLRQDO
5HYLHZ%RDUGGHILQLWLRQ  WKLVUHVHDUFKLVFODVVLILHGDVH[HPSWIURPUHYLHZDVLWLV
VHFRQGDU\UHVHDUFKDQGWKHSDUWLFLSDQWV¶UHFRUGHGLQIRUPDWLRQFDQQRWEHDVFHUWDLQHG
GLUHFWO\RUWKURXJKLGHQWLILHUVOLQNHGWRWKHSDUWLFLSDQWV7KLVVWXG\GLGQRWLQYROYHGDWD
FROOHFWLRQIURPKXPDQVXEMHFWWHVWLQJRUH[SHULPHQWDWLRQWKHGHLGHQWLILHGGDWDLV




SXEOLFO\DYDLODEOHDQGWKHUHVHDUFKHUKDVPDGHQRDWWHPSWWRFRQWDFWRULGHQWLI\WKH
SDUWLFLSDQWVWKXVDSSURYDOIURPDQLQVWLWXWLRQDOUHYLHZERDUGZDVQRWUHTXLUHG
Data Analysis Approach
'HVFULSWLYHVWDWLVWLFVZHUHXVHGWRUHYLHZDQGVXPPDUL]HWKHGDWD7KHSURFHVV
VXJJHVWHGE\&KDNUDERUW\HWDO  ZDVXVHGIRUWKHGDWDPLQLQJVWHSRIWKLVVWXG\
DQGLQFOXGHGGDWDFROOHFWLRQWH[WSDUVLQJDQGWUDQVIRUPDWLRQWH[WILOWHULQJDQGWH[W
PLQLQJ7KH6(00$SURFHVVZDVIROORZHGIRUWKHGDWDPLQLQJVWHSVDQGFRQVLVWHGRIWKH
IROORZLQJVWHSVVDPSOHH[SORUHPRGLI\PRGHODQGDVVHVV%DVLFDQDO\VLVRIWKH
YDULDEOHVIRURXWOLHUVPLVVLQJYDOXHVDQGGLVWULEXWLRQWRRNSODFHXVLQJWKH6$6([SORUH
IXQFWLRQDQGLVUHSRUWHG/LPLWHGWUDQVIRUPDWLRQRIYDULDEOHVRFFXUUHGDVQHHGHGLQWKH
0RGLI\VWHS0RGHOVZHUHGHYHORSHGDQGWHVWHGEDVHGRQIDFWRUVDVVRFLDWHGZLWKWKH
WKUHHOHYHOVRIWKHWDUJHWYDULDEOHHYHQWVWKDWDUHQRWUHODWHGWR8$4HYHQWVWKDWDUH
UHODWHGWR8$4EXWDUHQRWIXPHHYHQWVDQGHYHQWVWKDWDUHUHSRUWHGWREHIXPHHYHQWV
0DFKLQHOHDUQLQJDOJRULWKPVZHUHXVHGWRGHYHORSWKHPRGHOVDQGLQFOXGHGGHFLVLRQWUHH
JUDGLHQWERRVWLQJORJLVWLFUHJUHVVLRQDQGUDQGRPIRUHVWDOJRULWKPVDQGDUHGHVFULEHGLQ
WKHIROORZLQJSDUDJUDSKV
Decision Tree
7KH'HFLVLRQ7UHHQRGHLQ6$6(070ZDVXVHGWRGHYHORSPRGHOV'HFLVLRQ
WUHHQRGHVPD\UHSUHVHQWVHSDUDWHFODVVHVRILQGLYLGXDOVIRUFDWHJRULFDOYDULDEOHVUDQJHV
IRUFRQWLQXRXVYDULDEOHVRUDVLQJOHVHSDUDWLRQFRQGLWLRQIRUELQDU\YDULDEOHV(DFKRIWKH
OHDYHVLVFRPSRVHGRIDVLQJOHFODVVRILQGLYLGXDOV$QLQGLYLGXDOLQDOHDIZLOOKDYHD
UHDVRQDEO\KLJKSUREDELOLW\RIFRQIRUPLQJWRDOOWKHUXOHVDSSOLHGWRWKHQRGHVOHDGLQJWR
WKLVOHDI7KHPRGHOLVWKHQIRUPHGE\WKHVHWRIUXOHVDSSOLHGWRDOOWKHQRGHVDQGHQGLQJ




LQOHDYHV'HFLVLRQWUHHVLQ6$6(070DUHDXWRPDWLFDOO\WUDLQHGDQGSUXQHGXVLQJWKH
ORJZRUWKDOJRULWKP 7UXRQJ KRZHYHUDXWRPDWLFVWHSVFDQEHRYHUULGGHQDQG
VSOLWWLQJDQGSUXQLQJUXOHVPD\EHGHILQHG 6$6QG 
7KHXVHRIGHFLVLRQWUHHVLVDQDSSURSULDWHDSSURDFKIRUWKLVVWXG\DVWKH\SURYLGH
DUHSUHVHQWDWLRQRIWKHSUHVHQFHRIUHODWLRQVKLSSDWWHUQVEHWZHHQWKHWDUJHWYDULDEOHVDQG
LQGHSHQGHQWYDULDEOHV7KHVHSDUDWLRQFULWHULDZHUHGHSHQGHQWRQWKHW\SHDQGSDUDPHWHU
VHWWLQJRIWKHWUHHDQGZHUHEDVHGRQRQHRIWKHZLGHO\XVHGRSWLRQVVXFKDVFKLVTXDUH
*LQL7ZRLQJRUGHUHG7ZRLQJRUHQWURS\ 7XIIpU\ 7KHVWRSFULWHULRQZDVDOVR
GHSHQGHQWRQWKHW\SHDQGSDUDPHWHUVHWWLQJVRIWKHWUHH6HWWLQJVZHUHGHWHUPLQHGEDVHG
RQWKHFRGLQJRILQGHSHQGHQWYDULDEOHV3URSHUW\VHWWLQJVLQVSOLWWLQJUXOHVQRGHJURXS
VSOLWVHDUFKDQGVXEWUHHZHUHDGMXVWHGWRLQFOXGHRSWLPDOPRGHVDQGWKHWUHHVZHUH
SUXQHGDXWRPDWLFDOO\LQLWLDOO\DQGDGMXVWHGDVQHHGHGIRURSWLPDORXWSXW
Gradient Boosting
0XOWLSOHPRGHOVZHUHGHYHORSHGXVLQJWKHJUDGLHQWERRVWLQJDOJRULWKPDQGWKH
*UDGLHQW%RRVWLQJQRGHLQ6$6(070WRFUHDWHWKHPRVWDFFXUDWHPRGHO$FFRUGLQJWR
)ULHGPDQ  ERWKWKHDFFXUDF\RIWKHDSSUR[LPDWLRQDQGJUDGLHQWERRVWLQJ
FRPSXWDWLRQVSHHGFDQEHVXEVWDQWLDOO\LPSURYHGE\LQFRUSRUDWLQJUDQGRPL]DWLRQLQWRWKH
SURFHGXUHE\GUDZLQJDVXEVDPSOH ZLWKRXWUHSODFHPHQW RIWKHWUDLQLQJGDWDUDQGRPO\DW
HDFKLWHUDWLRQ7KLVUDQGRPO\FKRVHQVXEVDPSOHZDVXVHGLQVWHDGRIWKHHQWLUHVDPSOHWR
ILWWKHEDVHOHDUQHUDQGEXLOGWKHPRGHOWRLQFUHDVHWKHUREXVWQHVVRIWKHEDVHOHDUQHU
2SSRUWXQLWLHVIRURYHUILWWLQJZHUHPLQLPL]HGE\DGMXVWLQJWKHVKULQNDJHSDUDPHWHUWKH
GHSWKRIWKHWUHHVDQGWKHQXPEHURIWUHHVWRSURYLGHRSWLPDOUHVXOWVZLWKRXWRYHUILWWLQJ




Logistic Regression
$VWKHWDUJHWYDULDEOHKDVWKUHHOHYHOVRUGLVFUHWHRXWFRPHVPXOWLQRPLDOORJLVWLF
UHJUHVVLRQLVDQDSSURSULDWHPHWKRGIRULGHQWLI\LQJIDFWRUVDVVRFLDWHGZLWKHYHQWVWKDWDUH
QRWUHODWHGWR8$4HYHQWVWKDWDUHUHODWHGWR8$4EXWDUHQRWIXPHHYHQWVDQGHYHQWV
WKDWDUHUHSRUWHGDVIXPHHYHQWV7KHJRRGQHVVRIILWRIWKLVPRGHOZDVEDVHGRQKRZ
ZHOOWKHPRGHOILWWKHWUDLQLQJGDWD7KHRYHUDOOH[SODQDWRU\SRZHURIWKHPRGHOZDV
HYDOXDWHGLQLWLDOO\WKHQLQGLYLGXDOSUHGLFWRUVZHUHDVVHVVHG3URSHUW\VHWWLQJVLQ6$6
(070ZHUHGHWHUPLQHGEDVHGRQWKHFRGLQJRILQGHSHQGHQWYDULDEOHVWKHSURSHUWLHV
LQFOXGHGLQPRGHOVHOHFWLRQRSWLPL]DWLRQRSWLRQVDQGFRQYHUJHQFHFULWHULDZHUHVHOHFWHG
WRHQVXUHWKHLQFOXVLRQRIDQRSWLPXPQXPEHURIPRGHOV
'LVDGYDQWDJHVRIORJLVWLFUHJUHVVLRQLQFOXGHWKHUHTXLUHPHQWIRUH[SODQDWRU\
YDULDEOHVWREHOLQHDUO\LQGHSHQGHQWLWLVDQXPHULFDSSUR[LPDWLRQDQGGRHVQRWDOZD\V
FRQYHUJHWRZDUGDQRSWLPDORXWFRPHLWGRHVQRWKDQGOHPLVVLQJYDOXHVRIFRQWLQXRXV
YDULDEOHVDQGLWLVVHQVLWLYHWRH[WUHPHYDOXHVRIFRQWLQXRXVYDULDEOHV 7XIIpU\ 
5HVHDUFKVXJJHVWVGDWDVKRXOGFRQWDLQDWOHDVWWHQHYHQWVIRUHDFKYDULDEOHHQWHUHGLQWRD
ORJLVWLFUHJUHVVLRQPRGHO 3HGX]]LHWDO 7KHVHGLVDGYDQWDJHVZHUHDGGUHVVHGLQ
WKHVWXG\DVIROORZVWKHPRGHOVLGHQWLILHGFDWHJRULFDORXWFRPHVH[SODQDWRU\YDULDEOHV
ZHUHLGHQWLILHGGXULQJWKHWH[WPLQLQJVWHSDQGZHUHOLQHDUO\LQGHSHQGHQWXVHRI
FRQWLQXRXVYDULDEOHVZDVOLPLWHGDODUJHQXPEHURIFDVHVZHUHXVHGWRWUDLQDQGYDOLGDWH
WKHPRGHODQGLQFOXGHGDWOHDVWWHQFDVHVIRUHDFKYDULDEOH
Random Forest
5DQGRPIRUHVWPRGHOVZHUHGHYHORSHGXVLQJWKH5DQGRP)RUHVWQRGHLQ6$6
(0705DQGRPIRUHVWVDUHDQHIIHFWLYHSUHGLFWLYHWRRODQGWKHXVHRIDSSURSULDWH




UDQGRPQHVVDOORZVIRUDFFXUDWHFODVVLILFDWLRQDQGUHJUHVVLRQV %UHLPDQ 
'LVDGYDQWDJHVRIUDQGRPIRUHVWVVXFKDVWKHULVNRIRYHUILWWLQJDQGFRPSOLFDWHGUHVXOWV
ZHUHPLQLPL]HGE\RSWLPL]LQJWKHWXQLQJSDUDPHWHUZKLFKFRQWUROOHGWKHQXPEHURI
UDQGRPO\FKRVHQIHDWXUHVXVHGWRJURZHDFKWUHH7KLVOLPLWHGRYHUILWWLQJRIWKHPRGHO
DQGUHVXOWVZHUHREVHUYHGIRUDKLJKOHYHORIDFFXUDF\LQWKHWUDLQLQJGDWDDQGDORZOHYHO
RIDFFXUDF\LQWKHWHVWGDWD7KHUHOLDELOLW\RIWKHUHVXOWVRIPRGHOVXVLQJUDQGRPIRUHVW
DOJRULWKPVZDVDVVHVVHGDJDLQVWWKRVHRIRWKHUPRGHOVDQGPRGHOUHVXOWVZHUHYDOLGDWHG
ZLWKHYHQWVDFWXDOO\RFFXUULQJLQWKHDLUOLQHLQGXVWU\
Reliability Assessment Method
5HOLDELOLW\LQGDWDPLQLQJPHWKRGVLVVLPLODUWRWKDWIRXQGLQTXDQWLWDWLYHGDWD
DQDO\VLVZKHUHUHOLDELOLW\LVFRUURERUDWHGLIUHVXOWVDUHFRQVLVWHQWWKURXJKRXWUHSHWLWLYH
LQYHVWLJDWLRQVXQGHUGLIIHUHQWFLUFXPVWDQFHVE\GLIIHUHQWLQYHVWLJDWRUV *LEEV 7R
HYDOXDWHWKHUHOLDELOLW\RIWKHPRGHODQGWKHRXWSXWVWUDLQLQJUHVXOWVDQGYDOLGDWLRQUHVXOWV
ZHUHFRPSDUHGDPRQJDOOPRGHOV,QDGGLWLRQDQDGHTXDWHQXPEHURIWUDLQLQJDQG
YDOLGDWLRQFDVHVZHUHXVHGWRHQDEOHWKHPRGHOVWRSURGXFHFRQVLVWHQWUHVXOWVRYHU
UHSHDWHGLWHUDWLRQV7KHPRGHOZDVWHVWHGXVLQJVHSDUDWHGDWDWHVWUHVXOWVZHUHFRPSDUHG
ZLWKYDOLGDWLRQUHVXOWVIRUDPHDVXUHRIUHOLDELOLW\ZKLFKLVWKHH[WHQWWRZKLFKWKHPRGHO
RUDQ\PHDVXULQJSURFHGXUH\LHOGVWKHVDPHUHVXOWVZKHQWKHSURFHVVLVUHSHDWHG
0\UWYHLWHWDO :KLOHWKHSRWHQWLDOIRUOLPLWHGUHOLDELOLW\GXHWRWKHXVHRI
LQDSSURSULDWHPRGHOV &DUOVRQHWDO ZDVDFRQFHUQPRGHOPRGLILFDWLRQGXULQJWKH
LWHUDWLYHSKDVHVRIWKHPRGHOLQJSURFHVVRUWKHXVHRIDQHQVHPEOHPRGHOFRXOGEH
HPSOR\HGDVQHHGHGWRLPSURYHUHOLDELOLW\&RPSDULVRQRIYDOLGDWLRQDQGWHVWGDWDIRU




HDFKRIWKHPRGHOV\LHOGHGVLPLODUUHVXOWVDQGWKHIRXUWRSSHUIRUPLQJPRGHOVSURGXFHG
VLPLODUUHVXOWVWKXVPRGHOUHOLDELOLW\ZDVGHWHUPLQHGWREHKLJK
$SULPDU\LQIOXHQFHRIUHOLDELOLW\LVWKHTXDOLW\RIWKHTXDQWLWDWLYHGDWDIRXQGLQ
WKHUHSRUWVVXEPLWWHGWR$6565HSRUWHUVDUHSUHVXPHGWRUHSRUWHYHQWVWUXWKIXOO\DQG
FRPSOHWHO\WRWKHEHVWRIWKHLUNQRZOHGJH5HSRUWVDUHFRQILGHQWLDODQDO\VWVGHLGHQWLI\
UHSRUWVSULRUWRLQFOXVLRQLQWKHSXEOLFGDWDEDVH $656QGH 7KHUHLVDQLQFHQWLYHWR
UHSRUWDVWKH)$$ZDLYHVILQHVDQGSHQDOWLHVIRUXQLQWHQWLRQDOYLRODWLRQVRIDYLDWLRQ
UHJXODWLRQVZKHQWKH\DUHUHSRUWHGWR$656 $656QGH 
7KURXJKDMRLQWHIIRUWE\LQGXVWU\JRYHUQPHQWDQGLQGLYLGXDOVWRLPSURYH
DYLDWLRQVDIHW\$656DQDO\VWVH[SHULHQFHGLQDYLDWLRQFROOHFWDQDO\]HFRGHDQG
UHVSRQGWRDYLDWLRQVDIHW\UHSRUWV $656QGD 7KHVHDQDO\VWVLQFOXGHKLJKO\
H[SHULHQFHGSLORWVDLUWUDIILFFRQWUROOHUVPHFKDQLFVDQGDPDQDJHPHQWWHDPWKDWSRVVHVV
DYLDWLRQKXPDQIDFWRUVDQGSV\FKRORJ\UHVHDUFKH[SHULHQFHZLWKRYHUFXPXODWLYH
\HDUVRIDYLDWLRQH[SHUWLVH $656QGE 7KXVLWLVZLWKLQWKHUHSRUWHU VEHVWLQWHUHVWDQG
WKHLQWHUHVWRIVDIHW\WRUHSRUWLQFLGHQWVDQGVLWXDWLRQVZKLFKPD\EHDQDO\]HGFRGHGDQG
XVHGWRSUHYHQWIXWXUHLQFLGHQWVDQGDFFLGHQWVIURPRFFXUULQJ
Validity Assessment Method
9DOLGDWLRQRIWKHPRGHOVGHYHORSHGWRRNSODFHXVLQJWKH0RGHO&RPSDULVRQ
IXQFWLRQLQ6$6(070IRUWKHGHFLVLRQWUHHJUDGLHQWERRVWLQJORJLVWLFUHJUHVVLRQDQG
UDQGRPIRUHVWDOJRULWKPVWRHQVXUHWKHPRGHOVUHDFKHGMXVWLILDEOHFRQFOXVLRQVDQGZHUH
JHQHUDOL]DEOHDQGUHOLDEOH&RPSDULVRQRIWKHUHVXOWVIURPWKHWUDLQLQJYDOLGDWLRQDQG
WHVWPRGHOVZDVSULPDULO\FRQVLGHUHGDVDQDVVHVVPHQWLQUHOLDELOLW\EXWDOVRDQ
DVVHVVPHQWRIYDOLGLW\0RGHOYDOLGLW\ZDVSULQFLSDOO\HYDOXDWHGXVLQJPLVFODVVLILFDWLRQ




UDWH 05 IRUPRGHODFFXUDF\DQGUHFHLYHURSHUDWLQJFKDUW 52& FXUYHVDQGOLIWFKDUWV
IRUPRGHOSUHGLFWLYHSRZHU
0LVFODVVLILFDWLRQUDWHLVZLGHO\XVHGGXHWRWKHHDVHLQLQWHUSUHWDWLRQDQG
LPSOHPHQWDWLRQWKHDELOLW\RISUREDELOLW\EDVHGFULWHULDWRSURYLGHDPRUHFRQWLQXRXV
PHDVXUHDQGWKHLQGLFDWLRQRIWKHGHJUHHRIXQFHUWDLQW\ZLWKZKLFKSUHGLFWLRQVKDYHEHHQ
PDGH 0DOOHWHWDO $FFRUGLQJWR7UXRQJHWDO  WKH05FDQEHXVHGWR
DVVHVVWKHYDOLGDWLRQDFFXUDF\RIWKHSUHGLFWLRQ$VWKHDXWKRUVVWDWHWKHPLVFODVVLILFDWLRQ
UDWH ±YDOLGDWLRQDFFXUDF\ S ORZHU05LQGLFDWHVKLJKHUYDOLGDWLRQDFFXUDF\
7KHPRGHOZLWKWKHORZHVW05LQGLFDWHGWKHPRGHOZLWKWKHPRVWDFFXUDF\LQLGHQWLI\LQJ
IDFWRUVDVVRFLDWHGZLWKIXPHHYHQWV7KHRYHUDOOSUHGLFWLRQDFFXUDF\FDQEHFDOFXODWHGDV
WKHWRWDODFFXUDWHSUHGLFWLRQGLYLGHGE\WKHWRWDOQXPEHURURQHPLQXVWKH
PLVFODVVLILFDWLRQUDWH 7UXRQJ &KRL $FFXUDF\LVGHILQHGDVWKHSURSRUWLRQRI
WKHVWXG\SRSXODWLRQZKLFKLVGHWHUPLQHGFRUUHFWO\ 0HW] DQGLVVKRZQLQWKH
IRUPXODEHORZ7KHWUXHSRVLWLYHVWUXHQHJDWLYHVIDOVHSRVLWLYHVDQGIDOVHQHJDWLYHV
ZHUHDGMXVWHGWRDFFRPPRGDWHWKHWKUHHOHYHOVRIWKHWDUJHWYDULDEOH
7371BBBB7371BBBBB
$&& 31 7371)3)1
ZKHUH
3 SRVLWLYH
1 QHJDWLYH
)3 IDOVHSRVLWLYH
)1 IDOVHQHJDWLYH
73 WUXHSRVLWLYH
71 WUXHQHJDWLYH



52&FXUYHVZHUHXVHGWRDVVHVVVSHFLILFLW\DQGVHQVLWLYLW\ZLWKVHQVLWLYLW\
UHIOHFWLQJWKHSUREDELOLW\RIFRUUHFWO\GHWHFWLQJDIXPHHYHQWDQGVSHFLILFLW\UHIOHFWLQJWKH
SUREDELOLW\RIFRUUHFWO\LGHQWLI\LQJDQRQIXPHHYHQW 7XIIpU\ 6HQVLWLYLW\RUWKH
SUREDELOLW\RIDIXPHHYHQWEHLQJFRUUHFWO\LGHQWLILHGDVDWUXHSUHGLFWLYHSRVLWLYHLV
H[SUHVVHGDV
B73BBB73BBB
73 3 73)1 )1

ZKHUH
73 WUXHSRVLWLYH
)1 IDOVHQHJDWLYH
7KLVLVLQFRQWUDVWWRVSHFLILFLW\ZKLFKLVWKHSUREDELOLW\RIQRIXPHHYHQWZKLFK
LVDQHJDWLYHSUHGLFWLYHYDOXHRUDWUXHQHJDWLYHDVVHHQLQWKHIROORZLQJIRUPXOD
B71BBB71BBB
71 1 71)3 )3

ZKHUH
1 QHJDWLYH
)3 IDOVHSRVLWLYH
71 WUXHQHJDWLYH
)3 IDOVHSRVLWLYH
$IDOVHSRVLWLYHRFFXUVZKHQDIXPHHYHQWLVLQFRUUHFWO\LGHQWLILHGDVRFFXUULQJ
EXWGLGQRWDFWXDOO\RFFXUDQGDIDOVHQHJDWLYHRFFXUVZKHQDIXPHHYHQWLVQRW
LGHQWLILHGEXWDFWXDOO\GRHVRFFXU$52&FXUYHFRQVLVWVRIDJUDSKRIVHQVLWLYLW\SORWWHG
DJDLQVW±VHQVLWLYLW\ZKLFKLVWKHWUXHSRVLWLYHUDWHSORWWHGDJDLQVWWKHIDOVHSRVLWLYH




UDWHZLWKDSHUIHFWSUHGLFWLYHPRGHOKDYLQJDVHQVLWLYLW\DQGVSHFLILFLW\ERWKHTXDOWR
%HZLFNHWDO 7KHODUJHUWKHDUHDXQGHUWKH52&FXUYHRIWKHPRGHOWKHEHWWHU
WKHPRGHO VSHUIRUPDQFH
/LIWFKDUWVJUDSKLFDOO\GHSLFWWKHHIIHFWLYHQHVVRIDSUHGLFWLYHPRGHODVD
OLNHOLKRRGRIWKHUHVXOWVREWDLQHGZLWKDQGZLWKRXWWKHXVHRIWKHSUHGLFWLYHPRGHO
-DIIHU\ /LX %DVHOLQHFXUYHVDUHFDOFXODWHGIRUHYHQWVFKRVHQDWUDQGRPDQG
OLIWFXUYHVDUHJHQHUDWHGIRUHYHQWVFKRVHQIURPDPRGHOVFRUHUDQNHGOLVWIRUFRPSDULVRQ
RIKRZWKHPRGHOSHUIRUPVEHWWHUWKDQHYHQWVFKRVHQDWUDQGRP7KHDUHDXQGHUWKHFXUYH
LVODUJHUIRUWKHPRGHOZLWKKLJKHUSUHGLFWLYHDFFXUDF\ -DIIHU\ /LX $FFRUGLQJ
WR*LEEV S UHVXOWVDUHYDOLGLIWKHH[SODQDWLRQVDUHUHDOO\WUXHRUDFFXUDWHDQG
FRUUHFWO\FDSWXUHZKDWLVDFWXDOO\KDSSHQLQJ&RQIXVLRQPDWULFHVZHUHGHYHORSHGWR
EHWWHUXQGHUVWDQGWKHSUHGLFWLRQDFFXUDF\RIWKHWRSSHUIRUPLQJPRGHOVDQGGHPRQVWUDWH
SUHGLFWHGYHUVXVDFWXDOIXPHHYHQWV5HVXOWVRIWKHPRGHOVZHUHUHYLHZHGLQWKHFRQWH[W
RISUHYLRXVO\SXEOLVKHGUHVXOWVUHSRUWLQJQXPEHUVRIIOLJKWVUHVXOWLQJLQHPHUJHQF\
ODQGLQJVGLYHUVLRQVDQGDLUWXUQEDFNVGXHWRPHGLFDOHPHUJHQFLHVDQGHVWLPDWLRQVRI
QXPEHUVRIRFFXUUHQFHVRIIXPHHYHQWV
Summary
'DWDIURPYROXQWDULO\UHSRUWHGLQFLGHQWVLQWKH$656 ZHUHH[SORUHGDQGDQDO\]HG
WRLGHQWLI\LPSRUWDQWIDFWRUVLQWKHRFFXUUHQFHRI8$4DQGIXPHHYHQWVLQWKLVVWXG\$
SURFHVVRIGDWDFROOHFWLRQWH[WSDUVLQJDQGWUDQVIRUPDWLRQWH[WILOWHULQJDQGWH[WPLQLQJ
&KDNUDERUW\HWDO ZDVXVHGWRLGHQWLI\LQIRUPDWLRQIURPIUHHWH[WILHOGVLQ
QDUUDWLYHVDQGV\QRSVHVRI$656UHSRUWV7KHVHYDULDEOHVZHUHFRPELQHGZLWKYDULDEOHV
REWDLQHGIURPGDWDPLQLQJWHFKQLTXHVWRHQKDQFHWKHSUHFLVLRQRIWKHPRGHOV7KH




6(00$SURFHVVZDVXVHGWRGHYHORSDVVHVVDQGFRPSDUHPRGHOVXVLQJGHFLVLRQWUHH
JUDGLHQWERRVWLQJORJLVWLFUHJUHVVLRQDQGUDQGRPIRUHVWDOJRULWKPV
7KHPRGHOVZHUHWUDLQHGDQGYDOLGDWHGRQWZRHTXDOVL]HGJURXSVRIGDWDIURP
HYHQWVUHSRUWHGLQWKH$656GDWDEDVHDQGWHVWHGRQGDWDIURPWKHVDPHGDWDEDVH$IWHU
PRGHOVZHUHHYDOXDWHGDUHYLHZRIWKHGDWDPLQLQJPHWKRGVXVHGZDVXQGHUWDNHQWR
GHWHUPLQHWKHPRVWLPSRUWDQWIDFWRUVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWVDQG
WKHPRGHOV SUHGLFWLRQDFFXUDF\RIWKHRFFXUUHQFHRIIXPHHYHQWVDVUHSRUWHGE\IOLJKW
DQGFDELQFUHZPHPEHUV







Chapter IV: Results
7KLVVWXG\ZDVFRQGXFWHGLQDFFRUGDQFHZLWKWKHPHWKRGVGHVFULEHGLQWKH
SUHYLRXVFKDSWHU7KLVFKDSWHUGHVFULEHVWKHWH[WPLQLQJSURFHVVDQGUHVXOWVXVLQJ
SXEOLFO\DYDLODEOHGDWDIURP1$6$¶V$656GDWDEDVH7KHWH[WPLQLQJSURFHVVIROORZHG
WKHWH[WSDUVLQJWH[WILOWHULQJDQGWH[WWRSLFVWHSVDVLOOXVWUDWHGLQ)LJXUHWRLGHQWLI\
LPSRUWDQWYDULDEOHVIRULQFOXVLRQLQWKHPRGHOLQJSURFHVV7KHGDWDPLQLQJSURFHVVZDV
FRQGXFWHGDVVKRZQLQ)LJXUHDQGWKHUHVXOWVDUHSURYLGHG7KHPRGHOVLQFOXGHG
GHFLVLRQWUHHJUDGLHQWERRVWLQJORJLVWLFUHJUHVVLRQDQGUDQGRPIRUHVWDOJRULWKPVDQG
ZHUHGHYHORSHGWUDLQHGYDOLGDWHGDQGWHVWHG5HVXOWVZHUHHYDOXDWHGWRGHWHUPLQHWKH
EHVWPRGHOIRULGHQWLI\LQJIDFWRUVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWV/DVWO\
WKHVHUHVXOWVDQGWKHHYDOXDWLRQRIWKHLUUHVXOWVDUHSUHVHQWHG
Demographics Results
7KHVDPSOHVL]HIRUWKLVVWXG\LQFOXGHGHYHQWVZLWKQDUUDWLYHV
UHSRUWHG)RXUUHSRUWVZHUHPLVFRGHGDQGZHUHUHMHFWHGDIWHUFRQVXOWDWLRQZLWKDQ$656
DQDO\VWIRUDWRWDORIHYHQWVDQGQDUUDWLYHILHOGV$OWKRXJKWKHVHDUFKILOWHU
IRUWKHGDWDEDVHZDVFRQILJXUHGWRFROOHFWUHSRUWVIURPIOLJKWDQGFDELQFUHZPHPEHUV
QDUUDWLYHVIURPDGGLWLRQDOSHUVRQQHOZHUHLQFOXGHGLQWKHHYHQWUHSRUWZKHQDVHFRQG
SHUVRQUHSRUWHGWKHVDPHHYHQWDVDIOLJKWRUFDELQFUHZPHPEHU7KHVHDGGLWLRQDO
UHSRUWVDUHQRWHGZLWKVHSDUDWHFDVHQXPEHUVDQGDUHLQFOXGHGLQDVHSDUDWHYDULDEOHILHOG
LQWKH$656GDWDEDVH7KHQDUUDWLYHVSUHVHQWLQJDGGLWLRQDOLQIRUPDWLRQPD\SURYLGH
DGGLWLRQDOLQVLJKWWRUHSRUWHGHYHQWVDQGDUHLQFOXGHGLQWKLVDQDO\VLVWRDGGWRWKH
JHQHUDOL]DELOW\RIWKHUHVHDUFKILQGLQJV7KHUHSRUWHUUROHVDUHIRXQGLQ7DEOH




$IWHUUHSRUWVXEPLVVLRQ1$6$DQDO\VWVUHYLHZWKHQDUUDWLYHVDQGLIQRQHZ
LQIRUPDWLRQLVSURYLGHGLQWKHVHFRQGUHSRUWWKHQDUUDWLYHFRQWDLQVWKHODQJXDJH³5HSRUW
QDUUDWLYHFRQWDLQHGQRDGGLWLRQDOLQIRUPDWLRQ´RUVLPLODUODQJXDJH7KHVHQDUUDWLYHV
ODFNLQJDGGLWLRQDOLQIRUPDWLRQRUGHWDLOZHUHQRWLQFOXGHGLQWKHWH[WPLQLQJSURFHVVVRDV
QRWWRVNHZWKHYDOXHRIWHUPVXVHGLQGHVFULELQJWKHUHGXQGDQF\7KHUHZHUHRI
WKHVHQDUUDWLYHVZKLFKFRQWDLQHGQRDGGLWLRQDOLQIRUPDWLRQDQGZHUHUHPRYHGIURPWKH
DQDO\VLVIRUDWRWDORIQDUUDWLYHVDQDO\]HGLQWKHWH[WPLQLQJVWDJHRIWKLVVWXG\

Table 8
Role of Persons Submitting ASRS Reports 

1XPEHURI

5ROH
5HSRUWV6XEPLWWHG
3HUFHQW
)OLJKW&UHZ


&DSWDLQ


)LUVW2IILFHU


6HFRQG2IILFHU


3LORW±3RVLWLRQ8QVSHFLILHG2WKHU


&DELQ&UHZ


)OLJKW$WWHQGDQW


1RQ&UHZ


'LVSDWFKHU


7HFKQLFLDQ


5DPS3HUVRQQHO


2WKHUDQG8QNQRZQ


0LVVLQJ


7RWDO


Note. 5ROHVGHWHUPLQHGIURPUHSRUWVVXEPLWWHGWR$656E\IOLJKWDQGFDELQFUHZLQ)$5
3DUWRSHUDWLRQVIURP-DQXDU\WR'HFHPEHU)OLJKWFUHZUROHVZHUH
VHOIUHSRUWHGDQGRIWHQLQFOXGHGDGGLWLRQDOGHWDLOHGLQIRUPDWLRQVXFKDVSLORWIO\LQJSLORW




QRWIO\LQJFKHFNSLORWUHOLHISLORWLQVWUXFWRUHWF'XHWRURXQGLQJWKHWRWDOGRHVQRW
HTXDOSHUFHQW

)OLJKWFUHZVVXEPLWWHGWKHYDVWPDMRULW\RIUHSRUWV0DQ\RIWKHHYHQWVUHSRUWHG
WRWKH$656LQYROYHDFWVWKDWFRXOGSRWHQWLDOO\UHVXOWLQGLVFLSOLQDU\RUHQIRUFHPHQW
DFWLRQVXFKDVDOWLWXGHGHYLDWLRQVORVVRIVLWXDWLRQDZDUHQHVVUHIXVLQJDLUFUDIWRU
PLVXQGHUVWDQGLQJFOHDUDQFHV7KHDYDLODELOLW\RIZDLYHUVRIGLVFLSOLQDU\RUHQIRUFHPHQW
DFWLRQSURYLGHVUHSRUWLQJLQFHQWLYHVIRUFHUWLILFDWHGLQGLYLGXDOV $656QGH 7KH)$$
ZLOOQRWXVHLQIRUPDWLRQLQUHSRUWVVXEPLWWHGWR1$6$XQGHUWKH$656LQDQ\
HQIRUFHPHQWDFWLRQSURYLGHGWKHSRWHQWLDOYLRODWLRQVZHUHLQDGYHUWHQWDQGQRWGHOLEHUDWH
DFWLRQVGLGQRWGLVFORVHDODFNRITXDOLILFDWLRQRUFRPSHWHQF\WKHUHSRUWHUKDVQRWEHHQ
VXEMHFWWRDQ)$$HQIRUFHPHQWDFWLRQLQWKHILYH\HDUVSULRUDQGWKHUHSRUWHUFDQSURYH
ZLWKLQGD\VDIWHUWKHYLRODWLRQRUGDWHZKHQWKHSHUVRQEHFDPHDZDUHRIWKHYLRODWLRQ
WKH\VXEPLWWHGDUHSRUWWR1$6$ )$$ 7KXVIOLJKWFUHZV¶FHUWLILFDWHVFDQ
SRWHQWLDOO\EHSURWHFWHGIURPVXVSHQVLRQRUUHYRFDWLRQLIWKHFUHZPHPEHUVVXEPLW
UHSRUWVWR$656
7KHHYHQWVZHUHUHSRUWHGE\IOLJKWDQGFDELQFUHZIRU86FDUULHUV
RSHUDWLQJXQGHU&)53DUW0RUHWKDQWKUHHTXDUWHUVRIUHSRUWHGHYHQWVWRRNSODFH
LQ86DLUVSDFHDVVKRZQLQ)LJXUH
7KHVHUHSRUWHGHYHQWVLQFOXGHGDLUFUDIWFRQGXFWLQJRSHUDWLRQDOPLVVLRQVDVIRXQG
LQ7DEOH7KHQXPEHUVRIHYHQWVUHSRUWHGDSSHDUWREHFRQVLVWHQWZLWKQDWLRQDO
SURSRUWLRQVRISDVVHQJHUDQGFDUJRIOLJKWV3DVVHQJHUIOLJKWVLQWKH86JUHDWO\




RXWQXPEHUFDUJRIOLJKWVZLWKDLUWUDIILFFRQWUROOHUVLQWKH86KDQGOLQJDQHVWLPDWHG
FRPPHUFLDODLUOLQHIOLJKWVDQGFDUJRIOLJKWVGDLO\ 12$$QG 

Figure 5
Event Location as Provided in ASRS Reports


Note. 86DLUVSDFHLQFOXGHVDLUVSDFHRYHU86VWDWHVDQGWHUULWRULHV1 

Table 9
Operational Mission of Aircraft Involved in Events as Provided in ASRS Reports
2SHUDWLRQDO0LVVLRQ
3DVVHQJHU
&DUJRRU)UHLJKW
)HUU\
7HVW)OLJKW
7UDLQLQJ
2WKHU,QLWLDO2SHUDWLQJ
([SHULHQFH
0LVVLQJ,QIRUPDWLRQ
7RWDO

1XPEHURI(YHQWV











3HUFHQWDJHRI7RWDO










Note.)OLJKWVFRQGXFWHGZKLOHIOLJKWRUFDELQFUHZDUHXQGHUJRLQJLQLWLDORSHUDWLQJ
H[SHULHQFHFDQEHUHYHQXHIOLJKWVWKXVRWKHUIOLJKWVFODVVLILHGDVSDVVHQJHURUFDUJRRU
IUHLJKWPLVVLRQVPD\DOVRLQFOXGHFUHZPHPEHUVXQGHUJRLQJLQLWLDORSHUDWLQJH[SHULHQFH
'XHWRURXQGLQJWKHWRWDOGRHVQRWHTXDOSHUFHQW

$LUFUDIWXVHGLQ3DUWRSHUDWLRQVDUHGLYHUVHZLWKYDU\LQJSXUSRVHVVL]HV
HQJLQHW\SHVHQYLURQPHQWDOFRQWUROV\VWHPVDQGRSSRUWXQLWLHVIRU8$4HYHQWVWRRFFXU
7KHPDQXIDFWXUHUVRIDLUFUDIWUHSRUWHGIRUWKHHYHQWVLQFOXGHGLQWKLVVWXG\DUHLOOXVWUDWHG
LQ)LJXUH$GHWDLOHGOLVWRIUHSRUWHGDLUFUDIWPDNHVDQGPRGHOVDUHSURYLGHGLQ7DEOH
&RI$SSHQGL[&5HSRUWVLQWKH$656FRQWDLQGLVSDUDWHLQIRUPDWLRQUHJDUGLQJWKH
DLUFUDIWDVUHSRUWHUVPD\QRWDOZD\VLQFOXGHWKHDLUFUDIWPDNHDQGPRGHOLIWKH\DUHQRW
DVVRFLDWHGZLWKWKHUHDVRQIRUWKHUHSRUW$LUFUDIWGHWDLOVPD\QRWEHFRQVLGHUHGFULWLFDOWR
XQGHUVWDQGLQJDQGGHYHORSLQJLPSURYHPHQWVWRVDIHW\DQGDQDO\VWVGHLGHQWLI\WKH
DLUFUDIWZKHQQHFHVVDU\IRUPDLQWDLQLQJFRQILGHQWLDOLW\EXWSURYLGHYDU\LQJOHYHOVRI
GHWDLOIRUDLUFUDIWVL]HRUFDWHJRU\7KXVDQ\DELOLW\WRGLUHFWO\FRPSDUHDLUFUDIWLQYROYHG
LQUHSRUWHGHYHQWVLVH[WUHPHO\OLPLWHG1RFRQFOXVLRQVFDQEHPDGHDERXWDLUFUDIW
PDQXIDFWXUHUVPDNHVDQGPRGHOVRUHYHQWVDQGQRLQWHUSUHWDWLRQRIULVNRUVDIHW\FDQ
EHPDGHIURPWKHW\SHVDQGQXPEHUVRIDLUFUDIW7KHYDULHGQXPEHUVDQGW\SHVRIDLUFUDIW
UHSRUWHGDUHDSSDUHQWDQGUHSUHVHQWWKHJHQHUDOL]DELOLW\RIWKHUHSRUWVWRWKHDYLDWLRQ
LQGXVWU\




Figure 6
Manufacturers of Aircraft as Provided in ASRS Reports

Note. $LUFUDIWPDQXIDFWXUHUVDQGQXPEHURIDLUFUDIWLQYROYHGLQ$656UHSRUWVVXEPLWWHG
E\DLUDQGFDELQFUHZLQ)$5SDUWRSHUDWLRQVIURP-DQXDU\WR'HFHPEHU
1 



$LUFUDIWRSHUDWLRQVWDNHSODFHDURXQGWKHFORFNSURYLGLQJRSSRUWXQLWLHVIRU

UHSRUWDEOHHYHQWV7KHWLPHVRIHYHQWRFFXUUHQFHDVSURYLGHGE\IOLJKWDQGFDELQFUHZ
UHSRUWHUVDUHIRXQGLQ)LJXUH7KHDIWHUQRRQZDVWKHPRVWIUHTXHQWO\UHSRUWHGWLPHIRU
HYHQWRFFXUUHQFHIROORZHGFORVHO\E\PRUQLQJV DPWRSP DQGWKHQHYHQLQJ
DQGQLJKWKRXUV$OWKRXJKUHSRUWHUVDUHDVNHGWRLQFOXGHWKHGDWHDQGWKHORFDOWLPHWKH
HYHQWRFFXUUHGLQIRUPDWLRQPD\EHPLVVLQJIURPWKHUHSRUWVEHFDXVHWKHWLPHPD\QRWEH
SHUFHLYHGE\WKHUHSRUWHUWREHUHOHYDQWWRWKHUHSRUWWRSLFVXFKDVFRPSDQ\SROLFLHV




ZHDWKHULVVXHVDQHTXLSPHQWPDOIXQFWLRQRUGHYLDWLRQIURPDQDVVLJQHGDOWLWXGHRU
KHDGLQJ

Figure 7
Time of Event Occurrence as Provided in ASRS Reports


Note.7LPHRIRFFXUUHQFHLVSURYLGHGLQORFDOWLPH

5HSRUWHUVDUHDOVRTXHULHGRQWKHSKDVHRIIOLJKWZLWKDOLVWRIRSWLRQVIURPDGURS
GRZQPHQXRQHOHFWURQLFIRUPVRUE\WLFNLQJER[HVRQWKHSDSHUIRUPVVXEPLWWHGWKURXJK
WKH86PDLO2SWLRQVLQFOXGHSDUNHGWD[LWDNHRIILQLWLDOFOLPEFOLPEFUXLVHGHVFHQW
LQLWLDODSSURDFKILQDODSSURDFKPLVVHGJRDURXQGODQGLQJRURWKHU0RUHWKDQRQHIOLJKW
SKDVHPD\EHVHOHFWHGIRUHYHQWVRFFXUULQJWKURXJKRXWVHYHUDOSKDVHV7KHILUVWWHUP
OLVWHGLQWKHGDWDEDVHLVWKHSKDVHLQZKLFKWKHUHSRUWHGHYHQWILUVWEHFDPHDSSDUHQWWKHVH
UHSRUWHGIOLJKWSKDVHVDUHIRXQGLQ7DEOH5HSRUWHGHYHQWVEHFRPHILUVWDSSDUHQWPRVW
IUHTXHQWO\GXULQJWKHDSSURDFKSKDVH7KLVSKDVHFRQVLVWVRILQFUHDVHGLQWHUDFWLRQVZLWK
DLUWUDIILFFRQWUROOHUVWUDQVLWLRQWRORZHUDOWLWXGHVQDYLJDWLRQWRZD\SRLQWVDQGIL[HV



GHFUHDVLQJDLUVSHHGDQGRSHUDWLRQVLQDLUVSDFHZLWKLQFUHDVHGQXPEHUVRIDLUFUDIWZKLFK
SURYLGHRSSRUWXQLWLHVIRURSHUDWLRQDOHUURUVDQGUHFRPPHQGDWLRQVIRULPSURYHPHQWVWR
DYLDWLRQVDIHW\

Table 10
Phase of Flight of Event Occurrence as Provided in ASRS Reports
3KDVHRI)OLJKW
1XPEHURI(YHQWV
3HUFHQWDJHRI7RWDO
3DUNHG


7D[L


7DNHRII


&OLPE


&UXLVH


'HVFHQW


$SSURDFK


/DQGLQJ


2WKHU


0LVVLQJ


7RWDO


1RWH7KHSKDVHLQFOXGHGLVWKHILUVWSKDVHOLVWHGLQWKHUHSRUW&OLPESKDVHLQFOXGHV
LQLWLDOFOLPEDSSURDFKSKDVHLQFOXGHVLQLWLDODQGILQDODSSURDFK2WKHULQFOXGHVSUHIOLJKW
SODQQLQJERDUGLQJSXVKEDFNUHMHFWHGWDNHRIIPLVVHGDSSURDFKJRDURXQGHWF'XHWR
URXQGLQJWKHWRWDOGRHVQRWHTXDOSHUFHQW

$QDO\VWVFRGHWKHUHSRUWVE\W\SHRIHYHQWZKLFKDUHVHDUFKDEOHILHOGVLQWKH
$656GDWDEDVH7\SHVRIHYHQWVLQFOXGHDLUFUDIWHTXLSPHQWSUREOHP$7&LVVXH
GHYLDWLRQ±DOWLWXGHGHYLDWLRQ±VSHHGIOLJKWGHFNFDELQDLUFUDIWHYHQWJURXQGH[FXUVLRQ
JURXQGLQFXUVLRQDQGQRVSHFLILFDQRPDO\LQFXUUHG(DFKUHSRUWLQFOXGHVRQHRUPRUH
HYHQWVDVDSSURSULDWHIRUWKHGHVFULSWLRQSURYLGHGE\WKHUHSRUWHU7KHHYHQWIOLJKW
GHFNFDELQDLUFUDIWHYHQWLVIXUWKHUFDWHJRUL]HGLQWRLOOQHVVLQMXU\RWKHUXQNQRZQ



SDVVHQJHUHOHFWURQLFGHYLFHSDVVHQJHUPLVFRQGXFWDQGVPRNHILUHIXPHVRGRU2IWKH
HYHQWVLQFOXGHGLQWKLVVWXG\  HYHQWVZHUHQRWUHODWHGWR8$4
WDUJHWYDULDEOHOHYHO DQG  ZHUHFRGHGE\1$6$DQDO\VWVDVEHLQJ
VPRNHILUHIXPHVRGRUHYHQWV7KHVHVPRNHILUHIXPHVRGRUHYHQWVZHUHPDQXDOO\
UHYLHZHGZLWK  HYHQWVIRXQGWREHUHODWHGWR8$4EXWDUHQRWIXPHHYHQWV
WDUJHWYDULDEOHOHYHO DQG  DUHSRWHQWLDOO\IXPHHYHQWV WDUJHWYDULDEOH
OHYHO 
Descriptive Statistics
7KH$656GDWDVHWLQFOXGHGYDULDEOHV7KHYDULDEOHVVXSSRUWWKHZLGHUDQJHRI
LQIRUPDWLRQFROOHFWHGWRGHVFULEHWKHGLVSDUDWHHYHQWVUHSRUWHGEXWDOVRLQFOXGHODUJH
DPRXQWVRIPLVVLQJGDWDZKHQWKHYDULDEOHLVQRWDVVRFLDWHGRUUHOHYDQWWRWKHHYHQW
UHSRUWHG)RUH[DPSOHDIOLJKWDWWHQGDQWPD\UHSRUWDIOLJKWGLYHUVLRQGXHWRDIRXORGRU
DQGVPRNHLQWKHFDELQDQGPD\QRWUHSRUWWKHDLUFUDIW¶VDOWLWXGHW\SHRIDLUVSDFH
ZHDWKHUFRQGLWLRQVPDLQWHQDQFHVWDWXVRIWKHDLUFUDIWRURWKHUIDFWRUVLUUHOHYDQWWRWKH
HYHQW$FRPSOHWHOLVWRIYDULDEOHVDQGWKHLUVWDWXVLVIRXQGLQ7DEOH&LQ$SSHQGL[&
7KHVHYDULDEOHVFRQWDLQLQIRUPDWLRQVXSSOLHGE\WKHUHSRUWHUVDQGE\WKH1$6$DQDO\VWV
DVWKH\UHYLHZUHSRUWV)RUWKHSXUSRVHRIWH[WPLQLQJRQHWH[WYDULDEOHZDVFUHDWHGWR
LQFOXGHDOORIWKHQDUUDWLYHVSURYLGHGE\UHSRUWHUVZKLFKDUHRWKHUZLVHFRQWDLQHGLQWZR
YDULDEOHVZKHQWZRSHRSOHDUHUHSRUWLQJWKHVDPHHYHQW7KHWH[WPLQLQJSURFHVVWRRN
SODFHXVLQJWKLVYDULDEOHFRQWDLQLQJDOORIWKHUHSRUWQDUUDWLYHV$OORIWKHYDULDEOHV
LQFOXGHGLQWKHGDWDPLQLQJDQDO\VLVZHUHH[SORUHGXVLQJWKH6WDW([SORUHQRGH$
KLVWRJUDPIHDWXULQJYDULDEOHZRUWKLVIRXQGLQ)LJXUH7KLVILJXUHKLJKOLJKWVWKH
LPSRUWDQFHRIWKHYDULDEOHVDQGLQSDUWLFXODUWKHLPSRUWDQFHRIWKHYDULDEOHVLGHQWLILHG




WKURXJKWKHWH[WPLQLQJSURFHVV$GGLWLRQDOLQIRUPDWLRQUHJDUGLQJWKHLPSRUWDQFHRIWKH
YDULDEOHVLVIRXQGLQ7DEOHRQSDJHV

Figure 8
Results of Stat Explore Node Showing Variable Worth



Text Mining Process and Results
7KHWH[WPLQLQJSURFHVVZDVFRQGXFWHGWRH[SORUHWHUPVDQGWRSLFVLQWKH$656
UHSRUWQDUUDWLYHV7HUPVZHUHJURXSHGLQWRFRPPRQWKHPHVRUWRSLFVDQGDGGHGWRWKH
YDULDEOHVSURYLGHGLQWKH$656GDWDVHWWRGHYHORSPRGHOVIRUWKHLGHQWLI\LQJIDFWRUV
DVVRFLDWHGZLWKWKHRFFXUUHQFHRI8$4HYHQWVDQGIXPHHYHQWV
Text Parsing
7H[WSDUVLQJZDVWKHLQLWLDOVWHSLQFRQYHUWLQJXQVWUXFWXUHGWH[WLQWKHUHSRUW
QDUUDWLYHVVWUXFWXUHGIRUPDWIRUDQDO\VLVDQGLQSXWLQWRWKHPRGHOV7KHGDWDVHWFRQWDLQLQJ
DOOUHSRUWQDUUDWLYHVZDVVDYHGLQWKH6$6OLEUDU\DQGLPSRUWHGDVDGDWDVRXUFH)RUWKH



SXUSRVHRIWH[WPLQLQJWKHYDULDEOHFRQVLVWLQJRIDOOWKHUHSRUWQDUUDWLYHVZDVVHOHFWHGIRU
WH[WPLQLQJDQDO\VLVDQGDQDO\VLVRIDOORWKHUYDULDEOHVZDVUHMHFWHG7KH7H[W3DUVLQJ
QRGHLQ6$67H[W0LQHUZDVFRQQHFWHGWRWKH'DWD6RXUFHQRGHDQGZDVXVHGWR
DQDO\]HWKHVHULHVRIVHQWHQFHVLQWKHUHSRUWQDUUDWLYHV,QGLYLGXDOZRUGVZHUHLGHQWLILHG
GXULQJWKHWRNHQL]DWLRQVWHSZKLFKVHSDUDWHGWKHVHQWHQFHVFRQWDLQHGLQWKHUHSRUW
QDUUDWLYHVLQWRLQGLYLGXDOZRUGV/HPPDWL]DWLRQDQGVWHPPLQJZHUHXVHGWRUHGXFHWHUPV
WRWKHLUURRWIRUPV,Q6$67H[W0LQHUWKHVWHPPHULVWXUQHGRQRURIILQWKH6WHP
7HUPVRSWLRQLQWKH6\QRQ\PVVHWWLQJZLWK\HVDVWKHGHIDXOWYDOXHDQGLVXVHGLQWKHVH
DQDO\VHV5HVXOWVRIWKHVHSURFHGXUHVZHUHUHSRUWHGLQWKH7H[W3DUVLQJQRGHDQGZHUH
UHYLHZHGDORQJZLWK326WDJJLQJUHVXOWVGXULQJDSSUR[LPDWHO\WHQLWHUDWLRQVRIWKHVH
SURFHVVHVWRLGHQWLI\ZRUGVWKDWZHUHGLIIHUHQWSDUWVRIVSHHFKV\QRQ\PVRUV\QWDFWLFDOO\
UHODWHG5HVXOWVIURPWKHWH[WSDUVLQJSURFHVVLQFOXGHGLQGLYLGXDOWHUPVSDUWRIVSHHFK
DWWULEXWHIUHTXHQF\DQGWKHQXPEHURIGRFXPHQWVFRQWDLQLQJHDFKSDUWLFXODUWHUP7KH
QXPEHURIUHSRUWVE\IUHTXHQF\WKHWHUP¶VUROHE\IUHTXHQF\WKHDWWULEXWHE\IUHTXHQF\
DQGWKHQXPEHURIGRFXPHQWVSHUWHUPDUHSURYLGHGLQJUDSKLFDOGLVSOD\V)LJXUH
GLVSOD\VWKHIUHTXHQF\RIWHUPVE\WKHLUUROH0RVWWHUPVNHSWWKURXJKWKHWH[WSDUVLQJ
VWHSZHUHQRXQV  IROORZHGE\YHUEV  7KHVHUHVXOWVVXJJHVWQRXQVVXFKDV
SHUVRQQHOHTXLSPHQWRURWKHULWHPVDQGYHUEVVXFKDVDLUFUDIWPRYHPHQWRUFUHZ
DFWLRQVDUHPRVWIUHTXHQWO\IRXQGLQWKHUHSRUWQDUUDWLYHV




Figure 9
Term Role by Frequency Chart from Text Parsing Results

Note.'XHWRURXQGLQJWKHWRWDOGRHVQRWHTXDOSHUFHQW

7KHQXPEHURIUHSRUWVE\IUHTXHQF\LVDQRWKHUPHDVXUHRIWHUPIUHTXHQF\IRXQG
LQWKHWH[WSDUVLQJUHVXOWVDQGLVLOOXVWUDWHGLQ)LJXUH7KHQXPEHURIHYHQWUHSRUWVLQ
ZKLFKDWHUPDSSHDUVLVSORWWHGDJDLQVWWKHIUHTXHQF\RIRFFXUUHQFHRIWKHWHUPLQWKH
HQWLUHGDWDVHW'DWDSRLQWVUHSUHVHQWSDUVHGWHUPVWKRVHIRXQGLQWKHXSSHUULJKWTXDGUDQW
RIWKHVFDWWHUSORWDUHIRXQGPRUHIUHTXHQWO\DQGLQPRUHUHSRUWQDUUDWLYHVWKDQGDWD
SRLQWVLQWKHORZHUOHIWTXDGUDQW)RUH[DPSOHWKHWHUPµEH¶LVIRXQGLQHYHQW
UHSRUWVDQGLVXVHGWLPHVZKLOHWKHWHUPµOLJKWHUDLUFUDIW¶LVIRXQGLQIRXUHYHQW
UHSRUWVDQGLVXVHGDWRWDORIIRXUWLPHV7KHVHYDOXHVFDQEHXVHGWRHQKDQFH
XQGHUVWDQGLQJRIWKHLPSRUWDQFHRIWKHWHUPVDQGLQIRUPDQGJXLGHGHFLVLRQVLQNHHSLQJ
RUGURSSLQJWKHP7HUPVWKDWGRQRWFRQWULEXWHWRWKHLGHQWLILFDWLRQRIWRSLFVRILQWHUHVW
FDQDGGQRLVHWRWKHWDVNRILGHQWLI\LQJUHOHYDQWWRSLFV%DVHGRQWKHIUHTXHQF\RIXVHDQG



QXPEHURIGRFXPHQWVFRQWDLQLQJWKHWHUPµEH¶LWLVUDQNHGPRVWLPSRUWDQW+RZHYHUWKH
FRQWULEXWLRQRIWKLVWHUPWRWKHLGHQWLILFDWLRQRIWRSLFVLVPLQLPDODGGVDVXEVWDQWLDO
DPRXQWRIQRLVHDQGZDVGURSSHGIURPWKHWH[WPLQLQJSURFHVV

Figure 10
Number of Report Narratives (Docs) by Term Frequency from Text Parsing Results



5HVXOWVIURPWKH7H[W3DUVLQJVWHSZHUHUHYLHZHGWRLGHQWLI\WHUPVWKDWGLGQRW
FRQWULEXWHYDOXHWRWKHWH[WPLQLQJSURFHVVDQGFRXOGWKXVEHH[FOXGHGIURPWKHDQDO\VLV
7KHUHYLHZSURFHVVZDVLWHUDWLYHDQGVXEMHFWLYHZLWKUHVXOWVRI7H[W)LOWHUDQG7H[W7RSLF
QRGHVFRQVLGHUHGEHIRUHH[FOXGLQJZRUGV7RUHGXFHWKHQRLVHIURPZRUGVWKDWGLGQRW
LPSDUWPHDQLQJRUYDOXHWRWKHDQDO\VLVWKHVHWHUPVZHUHDGGHGWRWKHWHUPVFRQWDLQHGLQ
6$67H[W0LQHU¶VGHIDXOWVWRSOLVW7KHVHTXHQFHRI7H[W3DUVLQJ7H[W)LOWHUDQG7H[W
7RSLFZDVWKHQUHSHDWHGDSSUR[LPDWHO\WKLUW\ILYHWLPHVZLWKDUHYLHZRIUHVXOWVIROORZHG
E\HGLWLQJRIWKHVWRSOLVWDVDSSURSULDWH6SHFLILFDOO\WHUPUDQNLQ7H[W3DUVLQJUHVXOWV




WHUPZHLJKWLQ7H[W)LOWHUUHVXOWVDQGWKHILWRIWKHWHUPVLQWKHWRSLFJURXSVSURYLGHGLQ
7H[W7RSLFUHVXOWVZHUHFRQVLGHUHGZKHQGHWHUPLQLQJWHUPVIRUDGGLWLRQWRWKHVWRSOLVW
6HYHUDOWRSLFWKHPHVZHUHLGHQWLILHGIRUWHUPV¶DGGLWLRQWRWKHOLVWLQFOXGLQJ


DLUFUDIWFRPSRQHQWV ZLQJWLSHOHYDWRUIODSKDQGOHQRVHJHDUHWF 



W\SHVRIDLUFUDIW $VHULHV&HVVQDVWXUERMHWDLUFUDIWHWF 



ZHDWKHUSKHQRPHQD JXVW\ZLQGVZLQGVKHDUVHYHUHWXUEXOHQFHHWF 



WHUPVUHODWHGWRFDUGLQDODQGRUGLQDOGLUHFWLRQV HDVWERXQGQRUWKHUO\
VRXWKVLGHHWF 



JHRJUDSKLFORFDWLRQV $PHULFD+RXVWRQ063HWF 



WHUPVUHODWHGWRLQVWUXPHQWQDYLJDWLRQ ,/65DSSURDFK)$)DOWLWXGH
011,(51$9JXLGDQFH*36IDLOXUHHWF 



DYLDWLRQSHUVRQQHO PDUVKDOOHUWRZHUJX\$7&DJHQF\HWF 



DLUFUDIWIOLJKWVLWXDWLRQV )/NWVIWDLUVSHHGDVVLJQPHQWHWF 



JURXQGSUR[LPLW\ZDUQLQJV\VWHP *3:6 GHYLFHWHUPV *3:6
DQQXQFLDWLRQ(*3:6ZDUQLQJWHUUDLQWHUUDLQHWF 



WUDIILFDOHUWVDQGFROOLVLRQDYRLGDQFH 7&$6DOHUW5$ZDUQLQJ7&$6
FRPPDQGHWF DQG



VSHFLILFUXQZD\VDQGWD[LZD\V UXQZD\5/UZ\5WD[LZD\\
HWF 

$LUFUDIWFRPSRQHQWVSLORWV¶HOHFWURQLFGHYLFHVDQGHTXLSPHQWZHUHH[FOXGHG
IURPWKHVWRSOLVWLIWKHUHZDVDSRWHQWLDOWRHPLWVPRNHIXPHVRGRUVRUFDXVHDILUH
3HUVRQQHOZKRPLJKWUHVSRQGWR8$4RUIXPHHYHQWVVXFKDVPDLQWHQDQFHVWDII
HPHUJHQF\PHGLFDOWHFKQLFLDQVRURIILFHUVZHUHDOVRH[FOXGHGIURPWKHOLVW$GGLWLRQDQG



GHOHWLRQRIWHUPVWRWKHVWRSOLVWZHUHFRQFOXGHGEDVHGRQWKHUHVXOWVRIWKH7H[W)LOWHULQJ
QRGHDQGWKHGLVWLQFWLRQRIWHUPVWHUPZHLJKWVIUHTXHQF\DQGWKHQXPEHURIGRFXPHQWV
LQFOXGLQJWKHWHUPVDQGWKH7H[W7RSLFQRGHUHVXOWVRIWRSLFVSURYLGHGDQGWKHWHUPV
NHSW7HUPVRITXHVWLRQDEOHYDOXHLQFRQWULEXWLQJWRWKHWRSLFZHUHQRWLQFOXGHGLQWKH
VWRSOLVWEXWZHUHLQFOXGHGLQIXWXUHDQDO\VHV$OOWHUPVZHUHUHYLHZHGE\DVXEMHFW
PDWWHUH[SHUWZLWKH[WHQVLYHH[SHULHQFHLQDLUOLQHRSHUDWLRQVDQGIDPLOLDULW\ZLWKIXPH
HYHQWV&RQVHTXHQWLDOWHUPVZHUHUHYLHZHGE\DQHVWDEOLVKHGVXEMHFWPDWWHUH[SHUWZLWK
H[SHULHQFHLQDLUOLQHRSHUDWLRQVDQGUHVHDUFKH[SHULHQFHZLWKSHHUUHYLHZHGSXEOLFDWLRQV
UHJDUGLQJIXPHHYHQWV$OLVWRIH[DPSOHWHUPVH[FOXGHGIURPWKLVDQDO\VLVWKURXJKWKH
XVHRIDVWRSOLVWLVIRXQGLQ$SSHQGL['$OLVWLQJRIWKHILQDOWRSWHUPVDV
GHWHUPLQHGE\WKH7H[W3DUVLQJQRGHDOJRULWKPVLVIRXQGLQ$SSHQGL[&7DEOH&
Text Filter
7KH7H[W)LOWHUQRGHZDVXVHGWRILOWHUWKHUHSRUWQDUUDWLYHVDQGUHILQHWKHOLVWRI
WHUPVE\DVVLJQLQJWHUPZHLJKWDQGIUHTXHQF\ZHLJKW,QWKLVVWHSZRUGVIUHTXHQWO\
RFFXUULQJLQWKHQDUUDWLYHVZHUHDVVLJQHGDKLJKHUZHLJKWDQGZHUHFRQVLGHUHGLPSRUWDQW
EHFDXVHWKH\EHWWHUGHVFULEHGWKHHYHQWZKHUHDVZRUGVRFFXUULQJOHVVIUHTXHQWO\ZHUH
DVVLJQHGDKLJKHUZHLJKWEHFDXVHWKH\EHWWHUGLVFULPLQDWHGWKHHYHQWV &KDNUDERUW\HWDO
 2SWLRQVIRUWHUPZHLJKWLQJLQWKH7H[W)LOWHUQRGHDOORZYDULDWLRQLQWKH
LPSRUWDQFHRIZRUGVWREHGHWHUPLQHGEDVHGRQWKHLUIUHTXHQF\RIDSSHDUDQFHLQWKH
LQGLYLGXDOQDUUDWLYHVDQGKRZWKHZRUGVDUHGLVSHUVHGWKURXJKRXWWKHQDUUDWLYHVLQWKH
GDWDVHW 6$6D 
7KHIUHTXHQF\UDWHRUDUDWHZLWKLQWKHQDUUDWLYHLVGHYHORSHGXVLQJDZHLJKWLQJ
IXQFWLRQWRWUDQVIRUPWKHIUHTXHQF\RIWKHRFFXUUHQFHRIWKHZRUGDFFRUGLQJWRRQHRI




IRXURSWLRQVDYDLODEOHLQ6$67H[W0LQHU7KHRSWLRQVIRUIUHTXHQF\ZHLJKWLQJSURSHUW\
VHWWLQJVLQFOXGHGHIDXOW ORJZLWKWKHH[FHSWLRQRIPXOWLSOH7H[W)LOWHUQRGHVFRQWDLQHGLQ
WKHSURFHVVIORZ ORJELQDU\RUQRQH,QWKLVVWXG\WKHRSWLRQRIQRQHZDVFKRVHQDQG
WKHUDZIUHTXHQF\YDOXHLVXVHGZLWKQRWUDQVIRUPDWLRQRFFXUULQJ
7HUPZHLJKWLQJVZHUHXVHGWRGLVWLQJXLVKLPSRUWDQWZRUGVIURPRWKHUZRUGV7KH
IRXURSWLRQVIRUPHWKRGVRIWHUPZHLJKWLQJWHFKQLTXHVDYDLODEOHLQWKH6$67H[W0LQHU
7H[W)LOWHUQRGHLQFOXGHGHIDXOW HQWURS\ HQWURS\LQYHUVHGRFXPHQWIUHTXHQF\PXWXDO
LQIRUPDWLRQDQGQRQH$OORSWLRQVZHUHDVVHVVHGZLWKUHVXOWVIURPWKHHQWURS\RSWLRQ
SURYLQJWREHWKHPRVWUREXVWDVLWJLYHVJUHDWHUZHLJKWWRWHUPVWKDWRFFXULQIUHTXHQWO\LQ
WKHQDUUDWLYHVE\SODFLQJWKHQXPEHURIQDUUDWLYHVFRQWDLQLQJWKHWHUPLQWKHQXPHUDWRURI
WKHIRUPXODXVHGWRFDOFXODWHWKHZHLJKWRIWKHWHUP 6$6E 7KLVDOORZVWHUPV
LQIUHTXHQWO\RFFXUULQJLQDIHZQDUUDWLYHVWRUHFHLYHKLJKHUZHLJKWVPHDQLQJWKH\
SRWHQWLDOO\SURYLGHPRUHLQIRUPDWLRQWKDQWHUPVZLWKORZHUZHLJKWV5HVXOWVIURPWKH
7H[W)LOWHULQJQRGHDUHGLVSOD\HGLQJUDSKLFDODQGWDEXODUIRUPDWV7KHQXPEHURI
GRFXPHQWVLQZKLFKDWHUPRFFXUVYHUVXVWKHZHLJKWRIWKHWHUPLVGLVSOD\HGLQWKH
1XPEHURI'RFXPHQWVE\:HLJKWVFDWWHUSORWDVVKRZQLQ)LJXUH:RUGVUHSUHVHQWHG
E\GDWDSRLQWVRQWKHXSSHUOHIWVLGHRIWKHFXUYHKDYHDKLJKHUZHLJKWEXWDUHIRXQGLQ
IHZHUQDUUDWLYHVZKHUHDVZRUGVRQWKHULJKWVLGHRIWKHFXUYHDUHIRXQGLQPRUH
QDUUDWLYHVEXWDUHDVVLJQHGDORZHUZHLJKW,QWKLVLOOXVWUDWLRQWKHWHUPµDXWRPDWLRQ
V\VWHP¶LVIRXQGILYHWLPHVLQIRXUQDUUDWLYHVDQGKDVDZHLJKWRIZKLOHWKHWHUP
µEH¶LVIRXQGWLPHVLQQDUUDWLYHVDQGKDVDZHLJKWRI7KHVTXDUHV
DWWKHERWWRPRIWKHILJXUHUHSUHVHQWWHUPVWKDWDUHFRQWDLQHGLQWKHVWRSOLVWRURWKHUZLVH
KDYHQRZHLJKWRUYDOXHDQGKDYHEHHQGURSSHGIURPWKHDQDO\VHV,QIRUPDWLRQUHJDUGLQJ




WKHWHUPVDQDO\]HGLVIRXQGLQWKH7HUPVWDEOHRIWKH7H[W)LOWHUQRGHUHVXOWVZLQGRZ
7DEOHFRQWDLQVWKHWRSWHUPVUDQNHGE\ZHLJKW$OLVWRIWKHWRSUDQNHGWHUPV
DQGWKHLUYDOXHVLVIRXQGLQ$SSHQGL[&7DEOH&

Figure 11
Text Filter Node Scatter Plot Results Showing Number of Narratives (Docs) by Weight



Table 11
Text Filter Node Results: Top 25 Terms by Weight
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NoteLQGLFDWHVDSDUHQWQRGH3URSLVSURSHUDQRXQ$EEUHYLDWLRQVLQFOXGH+3629IRU
KLJKSUHVVXUHVKXWRIIYDOYH121623IRUQRQVWDQGDUGRSHUDWLQJSURFHGXUHV23IRU
RSHUDWLRQ&,'6IRUFRPSXWHULQWHUIDFHGHYLFHV



7KHWHUPVLQWKLVWDEOHDUHDOONHSWPHDQLQJWKH\KDYHEHHQLQFOXGHGLQWKH

DQDO\VHVLQIXWXUHQRGHVGXHWRWKHLUSRWHQWLDOWRSURYLGHYDOXHLQLGHQWLI\LQJIDFWRUV
DVVRFLDWHGZLWKWKHRFFXUUHQFHRI8$4DQGIXPHHYHQWV7KHPDMRULW\RIWHUPVDUHQRXQV
RUQRXQJURXSVLQGLFDWLQJDSUHYDOHQFHRISHUVRQQHOLWHPVRUHTXLSPHQWQRXQVDQG
OLPLWHGYHUEVRUDGYHUEVVXJJHVWLQJIHZHUWHUPVGHVFULELQJDFWLRQVRUPRYHPHQW5H
LQVSHFWUHUHOHDVHDQGUHGLVSDWFKVXJJHVWUHSHWLWLRQRIHYHQWVSRVVLEO\GXHWRDQRPDOLHV
IRXQGZLWKWKHILUVWLWHUDWLRQ7HUPVUHSUHVHQWLQJORFDWLRQVVXFKDVDSURQORXQJHDQG
KROGDUHDDUHYDVWO\GLIIHUHQWVLWHV7KHQXPHULFWHUPVDDQGFPD\GHVLJQDWH
SDVVHQJHUVHDWVLQWKHFDELQ'PD\EHDJHRPHWULFYHFWRULQJWHUPLQGLFDWLQJWKH



GLVWDQFHRIDVHFRQGDLUFUDIWWRDFURVVLQJSRLQW 6N\EUDU\ RUPD\UHIHUWRDFRGH
XVHGWRLQGLFDWHWKH,&$2FRGHIRUDW\SHRISHUIRUPDQFHEDVHGQDYLJDWLRQHTXLSPHQWRQ
DQDLUFUDIW$ZDUHQHVVWDSHLVDWHUPXVHGWRGHVFULEHWKHGLVSOD\IHDWXUHVFRPPRQO\
IRXQGWRLQGLFDWHDOWLWXGHDQGDLUVSHHGZKLFKDSSHDUDVDYHUWLFDOWDSHWKDWVFUROOVXSRU
GRZQZLWKFKDQJH+LVWDJHPD\LQGLFDWHDVHFWLRQRIWKHHQJLQHFRPSUHVVRUZKLOHKLJK
SUHVVXUHVKXWRIIYDOYHPD\UHIHUWRDFRPSRQHQWRIWKHHQYLURQPHQWDOFRQWUROV\VWHP
7KHZLGHYDULDWLRQLQWHUPVZLWKRXWHYLGHQWWKHPHVLQWKLVOLVWPD\EHLQGLFDWLYH
RIWKHPXOWLWXGHRIUHDVRQVUHSRUWVDUHVXEPLWWHGWRWKH$656GDWDEDVHZKLOHWKH
GLVVLPLODULW\LQWHUPVLQFOXGHGLQWKLVOLVWGHQRWHVDODFNRIVWDQGDUGL]HGRUFRPPRQ
LQGLFDWRUVIRUIXPHHYHQWVDQGWKHGLIILFXOW\LQLGHQWLI\LQJIDFWRUVDVVRFLDWHGZLWKWKHLU
RFFXUUHQFH7KHOLPLWHGQXPEHURIYHUEVLQFOXGHGLQWKLVOLVWVXJJHVWVWKHSUHVHQFHRI
FOHDUO\LGHQWLILDEOHDFWLRQVRUDFWLYLWLHVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWVLV
XQOLNHO\7KHUHODWLYHO\ORZQXPEHURIYDOXHVIRUIUHTXHQF\DQGQXPEHURIGRFXPHQWV
DOVRLPSOLHVDOLPLWHGQXPEHURIWHUPXVDJHVDQGWKXVDGGLWLRQDOGLIILFXOW\LQLGHQWLI\LQJ
IDFWRUVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWV
Text Cluster
7KH7H[W&OXVWHUQRGHIROORZVWKH7H[W3DUVLQJDQGWKH7H[W)LOWHUQRGHVDQGZDV
XVHGWRH[SORUHVLPLODULWLHVDQGGLVVLPLODULWLHVZLWKLQWKHGDWD7KLVQRGHXVHV
XQVXSHUYLVHGFODVVLILFDWLRQWRFOXVWHUWKHLQGLYLGXDOQDUUDWLYHVLQWRJURXSVRIQDUUDWLYHV
DQGUHSRUWVWKHGHVFULSWLYHWHUPVIRUWKRVHFOXVWHUVXVLQJDFKRLFHRIWZRDOJRULWKPV
6$6E 6$67H[W0LQHUXVHVWKHGLPHQVLRQDOLW\UHGXFWLRQWHFKQLTXHODWHQW
VHPDQWLFLQGH[LQJ /6, ZKLFKHPSOR\VVLQJXODUYDOXHGHFRPSRVLWLRQ 69' WRFKDQJH
WKHRULJLQDOZHLJKWHGWHUPGRFXPHQWIUHTXHQF\PDWUL[LQWRDGHQVHEXWORZGLPHQVLRQDO




UHSUHVHQWDWLRQE\VHSDUDWLQJRULJLQDOWHUPVLQWROLQHDUO\LQGHSHQGHQWHOHPHQWV
&KDNUDERUW\HWDO 7KHVHHOHPHQWVDUHFRQVWUXFWVVHSDUDWHIURPWKHQRLV\
FRUUHODWLRQVLQWKHRULJLQDOGDWDDQGDOORZDSSUR[LPDWLRQRIWKHIXQGDPHQWDOVWUXFWXUHRI
WKHGDWD%\LJQRULQJWKHPDMRULW\RIWKHHOHPHQWVZKLFKKDYHVPDOOYDOXHVWKH
GLPHQVLRQDOLW\RIWKHGDWDFDQEHUHGXFHG/6,FRPELQHVVXUIDFHGDWDRUWKHSDWWHUQRI
RFFXUUHQFHRIWHUPVWKURXJKRXWDOORIWKHQDUUDWLYHVLQWRDGHHSHUFRQVWUXFWRIODWHQW
VHPDQWLFGLPHQVLRQVWKDWFDSWXUHVWKHPXWXDODVVRFLDWLRQVRIWHUPVDQGQDUUDWLYHV
&KDNUDERUW\HWDO 
%RWKDOJRULWKPRSWLRQVXVHWKHPDWKHPDWLFDOPDWUL[GHFRPSRVLWLRQWHFKQLTXH
69'WREUHDNGRZQRULJLQDOGDWDLQWROLQHDUO\LQGHSHQGHQWHOHPHQWV69'UHGXFHVKLJK
GLPHQVLRQDOGDWDWRDOHVVHUGLPHQVLRQZKLFKPRUHFOHDUO\GHVFULEHVWKHXQGHUO\LQJ
VWUXFWXUHRIWKHGDWDE\UHGXFLQJQRLVHDQGUHGXQGDQF\QHZGLPHQVLRQVFDQEHWWHU
GHSLFWWKHFRUHRIH[LVWLQJUHODWLRQVKLSVLQWKHGDWD 7DGHVVH &DUSHQWHU 
,QWKH7H[W&OXVWHUQRGHWKHUHGXFWLRQRIWKHGLPHQVLRQDOLW\RIWKHZHLJKWHG
WHUPE\GRFXPHQWPDWUL[FDQEHFRQWUROOHGE\DGMXVWLQJWKH69'UHVROXWLRQWRORZ
PHGLXPDQGKLJK/RZUHVROXWLRQUHVXOWVLQDQLQFUHDVHGORVVRILQIRUPDWLRQZKLOHD
KLJKUHVROXWLRQVHWWLQJUHVXOWVLQDVPDOOHUUHGXFWLRQLQGLPHQVLRQDOLW\ &KDNUDERUW\
3DJROX *DUOD 7KHGHIDXOWVHWWLQJIRU69'UHVROXWLRQLVORZDQGWKHGHIDXOW
RSWLRQIRUDOJRULWKPVLVWKHH[SHFWDWLRQPD[LPL]DWLRQ (0 DOJRULWKPDOWKRXJKWKH
KLHUDUFKLFDODOJRULWKPFDQEHVHOHFWHG$IWHUDUHYLHZRIUHVXOWVXVLQJGLIIHUHQWVHWWLQJV
IRU69'UHVROXWLRQDQGDOJRULWKPVWKLVVWXG\XVHGWKHORZ69'UHVROXWLRQRSWLRQDQG
WKH(0DOJRULWKPZKLFKZDVDQLWHUDWLYHSURFHVV$IWHULQLWLDOSDUDPHWHUHVWLPDWHVZHUH
REWDLQHGWKH7H[W&OXVWHUQRGHDXWRPDWLFDOO\DSSOLHGWKHVWDQGDUGRUVFDOHGYHUVLRQRI




WKHDOJRULWKPWRILQGSULPDU\FOXVWHUVDQGXSGDWHSDUDPHWHUHVWLPDWHV 6$6E 
7HUPLQDWLRQRIWKHDOJRULWKPRFFXUUHGZKHQWZRVXFFHVVLYHORJOLNHOLKRRGYDOXHV
GLIIHUHGE\DVHWDPRXQWRUZKHQDPD[LPXPRIILYHLWHUDWLRQVZDVDFKLHYHG 6$6
E 'HVFULSWLYHWHUPVIUHTXHQF\DQGSHUFHQWDJHIRUHDFKRIWKHWKUHHFOXVWHUV
LGHQWLILHGE\WKH7H[W&OXVWHUQRGHDUHLOOXVWUDWHGLQ7DEOH

Table 12
Text Cluster Node Results: Descriptive Terms, Frequencies, and Percentages
&OXVWHU

'HVFULSWLYH7HUPV

)UHTXHQF\

3HUFHQW



LVVXHODWHVKRUWQXPEHUFRPSDQ\
GLUHFWVWDWHNQRZVKRZEULHIKDSSHQ
QRWHUHSRUWFRQWDFWJRRG







FOLPEIRRWGHVFHQGFRQWLQXHOHYHO
KLJKLPPHGLDWHO\ORZEHJLQHYHQW
EULHIFRQGLWLRQVHFRQGSDVVUDWH





PDLQWHQDQFHUHWXUQSDVVHQJHUHQJLQH
PLQXWHSURFHGXUHUXQVLWXDWLRQ
DGYLVHTUKOLJKWFRPSOHWHLQIRUP
SUREOHPFKHFN



Note.LQGLFDWHVWKHWHUPLVDSDUHQWWRSLFDQGLQFOXGHVVWHPPHGYHUVLRQVRIWKHWHUP

7KHVHWKUHHFOXVWHUVHDFKFRQWDLQILIWHHQGHVFULSWLYHWHUPVIRUJURXSVRIQDUUDWLYHV
UHSRUWHGLQWKHRXWSXWIURPWKH7H[W&OXVWHUQRGH7KHILUVWFOXVWHULQFOXGHVWHUPVFORVHO\
LGHQWLILHGZLWKDFRPSDQ\UHSRUWHGLVVXHZKLOHWKHWHUPVLQWKHVHFRQGFOXVWHULQGLFDWH
DQDVVRFLDWLRQZLWKIOLJKWSKDVHVVXFKDVFOLPELQJRUGHVFHQGLQJ7KHWKLUGFOXVWHU¶V
WHUPVDUHUHODWHGWRHQJLQHPDLQWHQDQFHRUSUREOHPVDQGWKHLQYROYHPHQWRIFKHFNOLVWVRU
SURFHGXUDODFWLRQV




$QRWKHURXWSXWIURPWKH7H[W&OXVWHUQRGHLQFOXGHVDVFDWWHUSORWVKRZLQJWKH
GLVWDQFHEHWZHHQFOXVWHUVXVLQJD&DUWHVLDQFRRUGLQDWHV\VWHPDQGLVGLVSOD\HGLQ)LJXUH
7KHGLVWDQFHEHWZHHQWKHFOXVWHUVLVPD[LPL]HGLQGLFDWLQJGLVVLPLODULW\EHWZHHQHDFK
RIWKHFOXVWHUWRSLFV:KLOHWKHGLVVLPLODULW\EHWZHHQFOXVWHUVLVHYLGHQWWKHVLPLODULW\
EHWZHHQWHUPVLQFOXGHGLQWKHFOXVWHUVPD\EHOLPLWHGDVWKH7H[W&OXVWHUQRGHDOORZV
QDUUDWLYHVWREHORQJWRRQO\RQHFOXVWHU7KLVPXWXDOO\H[FOXVLYHDVVLJQPHQWDYRLGVDQ\
RYHUODSEXWSRWHQWLDOO\OLPLWVWKHIXOOGLVFRYHU\RIPXOWLSOHWHUPVLQFOXGHGLQQDUUDWLYHV
7KH7H[W7RSLFQRGHZDVXVHGWRH[SORUHWRSLFVWKDWFRXOGEHUHSUHVHQWHGLQPXOWLSOH
QDUUDWLYHV

Figure 12
Distance Between Text ClustersScatter Plot



Text Topic
7KH7H[W7RSLFQRGHZDVXVHGWRGLVFRYHULPSRUWDQWWRSLFVLQWKHQDUUDWLYHWH[W
7KLVZDVDFFRPSOLVKHGE\DXWRPDWLFDOO\DVVRFLDWLQJZRUGVDQGQDUUDWLYHVDFFRUGLQJWR
ERWKXVHUGHILQHGDQGGLVFRYHUHGWRSLFVRUJURXSVRIWHUPVGHVFULELQJDQGFKDUDFWHUL]LQJ



DPDLQWKHPHRULGHD 6$6D ,QWKH7H[W&OXVWHUQRGHHDFKQDUUDWLYHLVDVVLJQHG
WRDXQLTXHJURXSZKLFKGLIIHUVIURPWKH7H[W7RSLFQRGHZKHUHDVFRUHLVDVVLJQHGWR
HDFKQDUUDWLYHDQGDWHUPWRHDFKWRSLF7HUPVDQGQDUUDWLYHVFDQEHORQJWRPRUHWKDQ
RQHWRSLFRUWRQRQHDWDOOLQ7H[W7RSLF7KH7H[W7RSLFQRGHDOVRXVHV69'WRFDSWXUH
LQIRUPDWLRQIURPDWHUPE\GRFXPHQWPDWUL[ &KDNUDERUW\HWDO 
$VFRUHZDVDVVLJQHGE\WKH7H[W7RSLFQRGHIRUHDFKWRSLFZLWKDWRSLFGHILQHG
DVDFROOHFWLRQRIWHUPVFKDUDFWHUL]LQJDQGGHVFULELQJDWKHPH 6$6D 7KUHVKROGV
DUHXVHGWRGHWHUPLQHLIDVVRFLDWLRQVDUHUREXVWHQRXJKWRFRQVLGHUWKHQDUUDWLYHRUWHUP
WKDWEHORQJVWRDWRSLFWKXVQDUUDWLYHVDQGWHUPVDUHQRWOLPLWHGWRRQHWRSLF0XOWLSOH
LWHUDWLRQVRIWH[WSDUVLQJWH[WILOWHULQJDQGWH[WWRSLFZHUHFRQGXFWHGZLWKDGGLWLRQVWR
WKHVWRSOLVWWRLGHQWLI\WKHWRSLPSRUWDQWWRSLFV7KHVHWRSLFVZHUHPDQXDOO\UHYLHZHGIRU
WKHPHVDQGWKHLWHUDWLYHSURFHVVZDVFRQFOXGHGZKHQWKHDGGLWLRQRIH[FOXGHGWHUPV
IDLOHGWR\LHOGDGGLWLRQDOGLVWLQFWLYHWRSLFV9DULDEOHODEHOVZHUHWKHQDVVLJQHGWRWKH
WRSLFV7DEOHFRQWDLQVWKHVHWHQLPSRUWDQWWRSLFVDVLGHQWLILHGE\WKH7H[W7RSLFQRGH

Table 13
Text Topic Node Results for Topics, Assigned Variable Labels, and Topic Characteristics
7RSLF 9DULDEOH
,'
/DEHO
6HQVRU\

3HUFHSWLRQ
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1XPEHU
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$FWLRQ
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0DLQWHQDQFH
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PHFKDQLFZULWH







(QJLQH,VVXH

HQJLQHRLOVKXWOHIWHQJLQH
ULJKWHQJLQH









7RSLF 9DULDEOH
,'
/DEHO
6\VWHP

$QRPDO\

1XPEHU
RI7HUPV

1XPEHU
RI
'RFXPHQWV

TUKK\GUDXOLFV\VWHPHLFDVOLJKW





7RSLF



&DELQ
$IIHFWHG

GLYHUWSDVVHQJHUDWWHQGDQW
PHGLFDOIOLJKWDWWHQGDQW







$LU
&RQGLWLRQLQJ

FDELQEOHHGPDVNSDFN
SUHVVXUL]DWLRQ







3DVVHQJHU
'LVUXSWLRQ

SDVVHQJHUQRVHVWDUWVKRUW
GHSODQH







)OLJKW
&RQGLWLRQ

IPFGHVFHQGEULHIOHJVZLWFK







3RZHU&KDQJH

WKUXVWSRZHUFRQGLWLRQHYHQW
IHHO





Note. LQGLFDWHVWKHWHUPLVDSDUHQWWRSLFDQGLQFOXGHVVWHPPHGYHUVLRQVRIWKHWHUP
$EEUHYLDWLRQVLQFOXGH0(/ PLQLPXPHTXLSPHQWOLVW 45+ TXLFNUHIHUHQFHKDQGERRN (,&$6
HQJLQHLQGLFDWLQJDQGFUHZDOHUWLQJV\VWHP DQG)0& IOLJKWPDQDJHPHQWFRPSXWHU 


7KHILUVWWRSLFsensory perceptionLQFOXGHVWKHHOHPHQWVFRPPRQO\LGHQWLILHGE\
WKHROIDFWRU\DQGYLVXDOVHQVHVFRPPRQO\XVHGLQWKHLGHQWLILFDWLRQRI8$4HYHQWVRU
WKHSUHVHQFHRIVPRNHILUHIXPHVRURGRUV7KHVHFRQGWRSLFaircraft actionFRQVLVWVRI
PRYHPHQWRIWKHDLUFUDIWVXFKDVFOLPELQJRUGHVFHQGLQJRUOHYHOIOLJKWZKLFKPD\
LQIOXHQFHIXPHHYHQWVMaintenance concernsLQFOXGHVPDLQWHQDQFHPHFKDQLFVDQG
PLQLPXPHTXLSPHQWOLVWVZKLFKFRQWDLQSURYLVLRQVIRUIOLJKWZLWKLQRSHUDWLYHHTXLSPHQW
EDVHGRQWKHFRQGLWLRQVRIWKHIOLJKWDQGDOORZIRUHTXLSPHQWUHSDLUVWREHGHIHUUHGXQWLOD
IXWXUHSRLQWLQWLPH )$$E 7KHIRXUWKWRSLFengine issueLQFOXGHVWKHWHUPV
HQJLQHRLODQGVKXWVXJJHVWLQJRSHUDWLRQDOGLIILFXOWLHVRUHQJLQHIDLOXUHSystem
anomaly WRSLFWHUPVLQGLFDWHV\VWHPLUUHJXODULWLHVVXFKDVLQWKHK\GUDXOLFV\VWHPRURQH
LQZKLFKIOLJKWFUHZZRXOGEHQRWLILHGE\DQDOHUWLQJOLJKWRUWKHHQJLQHLQGLFDWLQJDQG



FUHZDOHUWLQJV\VWHPZKLFKSURYLGHVIOLJKWFUHZVZLWKLQVWUXPHQWDWLRQDQGDQQXQFLDWLRQ
IRUHQJLQHVDQGRWKHULQWHJUDOV\VWHPV7KHVHDQRPDOLHVPD\EHVHULRXVHQRXJKWR
ZDUUDQWWKHXVHRIWKHTXLFNUHIHUHQFHKDQGERRNZKLFKLVDTXLFNDFFHVVPDQXDO
FRQWDLQLQJSURFHGXUHVDSSOLFDEOHGXULQJDEQRUPDORUHPHUJHQF\FRQGLWLRQV7KHWRSLF
cabin affectedLQFOXGHVWHUPVWKDWLQGLFDWHWKHRFFXSDQWVRIWKHFDELQWKHSDVVHQJHUVDQG
IOLJKWDWWHQGDQWVDUHLQYROYHGDQGDOVRLQFOXGHVWKHWHUPVGLYHUWDQGPHGLFDO7KHWHUPV
LQFOXGHGLQWKHVHYHQWKWRSLFair conditioningUHIHUWRWKHV\VWHPDQGLWVFRPSRQHQWV
ZKLFKSURYLGHEUHDWKDEOHDLUVXFKDVEOHHGSDFNDQGSUHVVXUL]DWLRQ7KHpassenger
disruption WRSLFLQFRUSRUDWHVWHUPVLQGLFDWLQJDQLQWHUUXSWLRQRULQWHUIHUHQFHLQSDVVHQJHU
VHUYLFHVXFKDVQRVHVWDUWDQGGHSODQH7KHWRSLFflight conditionLQFOXGHVWKHWHUPV
GHVFHQGEULHIOHJDQGIOLJKWPDQDJHPHQWFRPSXWHUZKLFKLVDFRPSXWHUXVHGWR
FDOFXODWHQDYLJDWLRQIOLJKWSODQQLQJRSWLPL]HGURXWLQJDQGSHUIRUPDQFHFRPSXWDWLRQV
+HUQGRQ VXJJHVWLQJDOWHUHGIOLJKWSODQVRUFKDQJHVLQURXWLQJ7KHILQDOWRSLF
power changeLQFOXGHVWHUPVLPSO\LQJDOWHUDWLRQVLQSRZHUVHWWLQJVRUDLUFUDIW
SURSXOVLRQ
7KHVHWHQWRSLFVZHUHLQFRUSRUDWHGDVYDULDEOHVLQWKHQH[WVWHSVLQWKH
GHYHORSPHQWRIWKHPRGHOV7KHYDOXHVDVVRFLDWHGZLWKHDFKFDVHIRUHDFKRIWKHQHZ
YDULDEOHVZHUHGRZQORDGHGIURP6$6(0DQGDGGHGWRWKH$656YDULDEOHVLQDQ
([FHOVSUHDGVKHHWDQGZHUHXSORDGHGLQWR6$66WXGLRIRUFRQYHUVLRQLQWRD6$6
GDWDVHWIRUXVHLQWKHPRGHOLQJSURFHVV
Data Mining Process and Results
7KH6(00$SURFHVVZDVXVHGIRUSHUIRUPLQJWKHGDWDPLQLQJDFWLYLWLHV7KH
VDPSOHH[SORUHPRGLI\PRGHODQGDVVHVVVWHSVGLGQRWRFFXULQDVWULFWFRQWLQXRXV




SURJUHVVLRQDQGZHUHRIWHQVXEMHFWWRDQLWHUDWLYHDSSURDFK7KH6(00$SURFHVVZDV
LQLWLDWHGDWWKHEHJLQQLQJRIWKHILUVWVWDJHVRIWKHWH[WPLQLQJSURFHVV
Sample
'DWDZHUHVHOHFWHGE\ILOWHULQJIRUWKHGHVLUHGVDPSOHRIUHSRUWVVXEPLWWHG
EHWZHHQ-DQXDU\DQG'HFHPEHUE\IOLJKWDQGFDELQFUHZVIRU&)5
3DUWRSHUDWLRQVIURPWKH$656GDWDEDVHDQGGRZQORDGHGDVDQ([FHOILOH'DWD
ZHUHDOVRSDUWLWLRQHGLQWRWUDLQLQJ  YDOLGDWLRQ  DQGWHVW  GDWDVHWVDIWHU
WKHWH[WPLQLQJVWHSVZHUHFRPSOHWH
Explore
'DWDZHUHH[SORUHGIRURXWOLHUVPLVVLQJYDOXHVDQGPLVFRGHGYDULDEOHYDOXHVLQ
WKH([SORUHQRGHDVZHOODVPDQXDOO\UHYLHZHG)RXUUHSRUWVZHUHGHOHWHGDQGVHYHUDO
YDULDEOHYDOXHVZHUHFRUUHFWHGDIWHUFRQVXOWDWLRQZLWKDQ$656DQDO\VWFRQILUPHG
PLVFRGLQJRIWKHFDVHVDQGYDOXHV
Modify
$VUHSRUWVDUHVXEPLWWHGWR$656DQDO\VWVUHYLHZWKHUHSRUWVDQGFRPELQHWKHP
LQWRRQHFDVHZKHQWZRUHSRUWHUVVXEPLWUHSRUWVIRUWKHVDPHHYHQW7KXVHDFK$656
UHSRUWFRQWDLQVDPLQLPXPRIRQHQDUUDWLYHDQGPD\FRQWDLQWZRQDUUDWLYHV:KHQWKH
VHFRQGQDUUDWLYHFRQWDLQVQRQHZLQIRUPDWLRQDQDO\VWVSURYLGHWH[WVWDWLQJVRLQWKH
VHFRQGQDUUDWLYHILHOG)RUWH[WPLQLQJWKHGDWDVHWZDVPRGLILHGWRFUHDWHDQHZYDULDEOH
WKDWFRQWDLQHGERWKQDUUDWLYHVZKHQWZRQDUUDWLYHVZHUHSURYLGHG1DUUDWLYHVIURPWKH
VHFRQGUHSRUWHUZKLFKGLGQRWLQFOXGHQHZLQIRUPDWLRQZHUHQRWLQFOXGHGLQWKLVQHZ
YDULDEOHZKLFKZDVXVHGRQO\IRUWKHWH[WPLQLQJSURFHVV




6HYHUDOYDULDEOHVLQWKH$656GDWDVHWFRQWDLQHGVRPDQ\PLVVLQJYDOXHVDVWREH
RIOLWWOHXVHLQLGHQWLI\LQJIDFWRUVDVVRFLDWHGZLWKWKHWDUJHWYDULDEOHOHYHOVDQGZHUH
H[FOXGHGIURPWKHPRGHOLQJSURFHVV)RUH[DPSOHVHYHUDOYDULDEOHILHOGVIRUGDWD
LQYROYLQJDVHFRQGDLUFUDIWLQDUHSRUWHGHYHQWZHUHIRXQGWRKDYHPRUHWKDQQLQHW\
SHUFHQWRIWKHFHOOVHPSW\DVWKHUHKDGRQO\EHHQRQHDLUFUDIWLQYROYHGLQWKHHYHQWV
UHSRUWHG9DULDEOHVZLWKPRUHWKDQILIW\SHUFHQWRIWKHYDOXHVPLVVLQJZHUHH[FOXGHG
IURPWKHPRGHOGHYHORSPHQWSURFHVV$OLVWRIWKHYDULDEOHVFRQWDLQHGLQWKH$656
GDWDVHWWKHLUFKDUDFWHULVWLFVDQGWKHQHZYDULDEOHVFUHDWHGIURPWKHWH[WPLQLQJSURFHVV
LVIRXQGLQ$SSHQGL[&7DEOH&7KHILQDOGDWDVHWFRQVLVWLQJRIWKHYDULDEOHVIURPWKH
RULJLQDO$565GDWDVHWWKHWHQQHZYDULDEOHVGHULYHGIURPWKHWH[WPLQLQJSURFHVVDQG
WKHWDUJHWYDULDEOHZHUHXSORDGHGWR6$66WXGLRLQDQ([FHOIRUPDWDQGD6$6GDWDVHW
ZDVJHQHUDWHGIRUWKHGHYHORSPHQWRIWKHPRGHOV7KHYDULDEOHVUHWDLQHGIURPWKH
$656GDWDVHWWKHWHQQHZYDULDEOHVGHULYHGIURPWKHWH[WPLQLQJSURFHVVDQGWKHWDUJHW
YDULDEOHVZHUHXVHGLQWKHGHYHORSPHQWRIWKHPRGHOVDOORWKHUYDULDEOHVZHUHUHMHFWHG
Model
6L[PRGHOVZHUHEXLOWLQ6$6(0XVLQJIRXUPDFKLQHOHDUQLQJDOJRULWKPV
LQFOXGLQJGHFLVLRQWUHHJUDGLHQWERRVWLQJORJLVWLFUHJUHVVLRQDQGUDQGRPIRUHVW7KH
6$6SURFHVVIORZGLDJUDPLVVKRZQLQ)LJXUHDQGLQFOXGHVWKH0RGHO&RPSDUH
QRGHZKLFKZDVXVHGWRFRPSDUHPRGHOSHUIRUPDQFHDQGUDQNWKHPRGHOV7KH
YDOLGDWLRQGDWD¶VPLVFODVVLILFDWLRQUDWHZDVFRQVLGHUHGWKHSULPDU\DVVHVVPHQWPHDVXUHRI
PRGHODFFXUDF\DVLVDSSURSULDWHIRUDFDWHJRULFDOWDUJHWYDULDEOH7KHPLVFODVVLILFDWLRQ
UDWHVLJQLILHVWKHSUHGLFWLRQHUURUZKLFKLVWKHVXPRIIDOVHSRVLWLYHVDQGIDOVHQHJDWLYHV
DVGLYLGHGE\WKHWRWDOQXPEHURIHYHQWV 7UXRQJ &KRL 7KHUHDUHWKUHHOHYHOVRI




HYHQWVXVHGLQWKLVVWXG\UHSRUWHGHYHQWVQRWUHODWHGWR8$4HYHQWVUHODWHGWR8$4EXW
DUHQRWIXPHHYHQWVDQGHYHQWVUHSRUWHGDVIXPHHYHQWV52&DQG/LIWFKDUWVZHUH
UHYLHZHGWRH[DPLQHWKHSUHGLFWLYHSRZHURIWKHPRGHOVDQGWKHUHODWLYHYDULDEOHZRUWK
ZDVUHYLHZHGWRGHWHUPLQHWKHLPSRUWDQFHRIHDFKYDULDEOHDVVRFLDWHGZLWK8$4DQG
IXPHHYHQWV

Figure 13
Diagram from SAS Model Development Process



Assess
0RGHOVZHUHFRPSDUHGDQGHYDOXDWHGXVLQJWKH&RPSDUH0RGHOQRGHXQGHUWKH
5HOLDELOLW\DQG9DOLGLW\7HVWLQJ5HVXOWVKHDGLQJ5HVXOWVIURPWKHYDOLGDWLRQGDWDDUH
XVHGWRDVVHVVDQGFRPSDUHWKHPRGHOVZKLOHWKHUHVXOWVIURPWKHWHVWGDWDDUHXVHGWR
DVVHVVWKHJHQHUDOL]DELOLW\RIWKHVHOHFWHGPRGHOZKHQQHZGDWDLVDQDO\]HG
0LVFODVVLILFDWLRQUDWHVDYHUDJHVTXDUHGHUURUDQG52&LQGH[UHVXOWVIRUWKHVL[PRGHOV
FRQVWUXFWHGLQWKLVVWXG\DUHIRXQGLQ7DEOH5HVXOWVIURPWKH0RGHO&RPSDULVRQQRGH
LQGLFDWHWKHORJLVWLFUHJUHVVLRQJUDGLHQWERRVWLQJUDQGRPIRUHVWDQGEUDQFKGHFLVLRQ



WUHHPRGHOVKDYHVLPLODUPLVFODVVLILFDWLRQUDWHVDQGDYHUDJHVTXDUHGHUURUYDOXHVDPRQJ
YDOLGDWLRQDQGWHVWGDWDDQGVLPLODU52&LQGLFHVZLWKQRUHVXOWVLQGLFDWLQJDFOHDU
FKDPSLRQPRGHO

Table 14
Fit Statistics for Models for the Target Variable UAQ – Fume Event
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Note. $6(LV$YHUDJH6TXDUHG(UURU05LV0LVFODVVLILFDWLRQ5DWHDQG9DOLGLQGLFDWHV
UHVXOWVIURPWKHDQDO\VLVRIWKHYDOLGDWLRQGDWD

Reliability and Validity
7KHUHOLDELOLW\RIWKHPRGHOVZDVDVVHVVHGXVLQJUHVXOWVIURPWKHWUDLQLQJ
YDOLGDWLRQDQGWHVWGDWDZKLOHPRGHOYDOLGLW\ZDVDVVHVVHGXVLQJPLVFODVVLILFDWLRQUDWHV
WRGHWHUPLQHPRGHODFFXUDF\DQG52&LQGLFHVDQG/LIWFXUYHVWRGHWHUPLQHPRGHO
SUHGLFWLYHSRZHU5HOLDELOLW\LVGHPRQVWUDWHGWKURXJKFRPSDUDEOHUHVXOWVEHWZHHQWKH
WUDLQLQJYDOLGDWLRQDQGWHVWGDWDDVVKRZQLQWKHIROORZLQJWDEOHVDQGLQEHWZHHQWKH



PRGHOVWKURXJKVLPLODULW\LQ/LIWFXUYHUHVXOWV$VREVHUYHGLQ7DEOHUHVXOWVEHWZHHQ
WKHPRGHOV¶PLVFODVVLILFDWLRQUDWHVDQGDYHUDJHVTXDUHGHUURUVIRUWUDLQLQJYDOLGDWLRQ
DQGWHVWGDWDZHUHUHODWLYHO\FRQVLVWHQWZLWKQRPRGHOSURGXFLQJYDVWO\GLVVLPLODUUHVXOWV
IURPWKHRWKHUPRGHOV
7KHUHFHLYHURSHUDWLQJFKDUDFWHULVWLF 52& LQGH[LVDQLQGLFDWRURIWKHYDOLGLW\
DQGSUHGLFWLYHDELOLW\RIDPRGHO$VSUHYLRXVO\VWDWHGWKH52&FXUYHFRQVLVWVRIDJUDSK
RIVHQVLWLYLW\SORWWHGDJDLQVWVSHFLILFLW\ZLWKDSHUIHFWSUHGLFWLYHPRGHOKDYLQJD
VHQVLWLYLW\DQGVSHFLILFLW\ERWKHTXDOWR %HZLFNHWDO 7KHKLJKHUWKHVHQVLWLYLW\
DQGWKHVSHFLILFLW\WKHODUJHUWKHDUHDXQGHUWKH52&FXUYHRIWKHPRGHORUWKHKLJKHU
WKH52&LQGH[WKHEHWWHUWKHPRGHO VSHUIRUPDQFH9DOXHVIURP7DEOHLGHQWLI\WKH
KLJKHVW52&LQGLFHVIRUYDOLGDWLRQGDWDDUHIRXQGLQWKHUDQGRPIRUHVWDQGWKHORJLVWLF
UHJUHVVLRQPRGHOVIROORZHGE\WKHEUDQFKGHFLVLRQWUHHPRGHODQGWKHJUDGLHQW
ERRVWLQJPRGHO
7KHSUHGLFWLYHSRZHURIWKHPRGHOVZDVDOVRH[DPLQHGE\FRPSDULQJWKH/LIW
FXUYHV7KH/LIWFXUYHVIRUWKHYDOLGDWLRQGDWDIURPWKHVL[PRGHOVDUHSUHVHQWHGLQ)LJXUH
7KHFXUYHVUHSUHVHQWWKHDELOLW\RIWKHPRGHOWRSUHGLFWWKHWDUJHWYDULDEOHIRUDOOWKH
HYHQWV 7UXRQJ &KRL ZLWKWKHPRGHOVZLWKEHWWHUSUHGLFWLYHSRZHUKDYLQJD
ODUJHUDUHDXQGHUWKHFXUYH7KHVHFXUYHVDUHYHU\VLPLODULQGLFDWLQJVLPLODUSUHGLFWLYH
SRZHUDPRQJDOOPRGHOVDQGUHOLDELOLW\DPRQJWKHPRGHOV7KHVLPLODULWLHVRIWKH
PRGHOV¶PLVFODVVLILFDWLRQUDWHVDYHUDJHVTXDUHGHUURUYDOXHV/LIWFXUYHVDQGFORVHQHVV
RI52&LQGH[YDOXHVZDUUDQWIXUWKHUH[DPLQDWLRQRIWKHWRSPRGHOV





Figure 14
Lift Chart from the Model Compare Node



Gradient Boosting Model Results. 5HVXOWVIURPWKHJUDGLHQWERRVWLQJPRGHO
LQGLFDWHWKHORZHVWPLVFODVVLILFDWLRQUDWHVIRUWKHWUDLQDQGWHVWGDWDLQGLFDWLQJWKHPRVW
DFFXUDWHPRGHOEDVHGRQWKHVHFULWHULD7KHYDOXHIRUWKLVPRGHO¶VPLVFODVVLILFDWLRQUDWH
EDVHGRQYDOLGDWLRQGDWDLVWKHORZHVWDPRQJWKHPRGHOV7KH52&LQGH[LVWKHILIWK
ODUJHVWLPSO\LQJWKHWRSPRGHOVDUHVLPLODULQWKHLUSUHGLFWLYHDELOLW\EXWYDU\VOLJKWO\LQ
WKHLUDFFXUDF\DQGSUHGLFWLYHSRZHU7RIXUWKHUDVVHVVWKLVPRGHODFRQIXVLRQPDWUL[LV
SUHVHQWHGLQ7DEOH$FRQIXVLRQPDWUL[DOORZVYLVXDOL]DWLRQRIWKHSHUIRUPDQFHRID
PRGHORYHUWKHWHVWLQJGDWD (0&(GXFDWLRQ6HUYLFHV $KLJKSHUIRUPLQJPRGHO
ZLOOH[KLELWODUJHQXPEHUVIRU73DQG71DQGVPDOOQXPEHUVIRU)3DQG)17KLVPRGHO
SHUIRUPVZHOODVWKHKLJKHVWQXPEHUVDUHIRXQGLQWKH73DQG71YDOXHV
7KHVHQVLWLYLW\DQGVSHFLILFLW\ZHUHFDOFXODWHGIRUHDFKOHYHORIWKHWDUJHWYDULDEOH
DQGDUHIRXQGLQ7DEOH$FFRUGLQJWR7UXRQJDQG&KRL  VHQVLWLYLW\PHDVXUHV
WKHWUXHSRVLWLYHFDVHVRUWKHPRGHO¶VDELOLW\WRFRUUHFWO\SUHGLFWD8$4RUIXPHHYHQW
ZKLOHVSHFLILFLW\PHDVXUHVWKHWUXHQHJDWLYHIUDFWLRQRUWKHPRGHO¶VDELOLW\WRFRUUHFWO\



SUHGLFWHYHQWVQRWUHODWHGWR8$4RUIXPHHYHQWV6HQVLWLYLW\IRUWKHILUVWOHYHO QRQ
8$4RUIXPHHYHQW ZDVKLJKDWPHDQLQJWKHPRGHOFRXOGDFFXUDWHO\SUHGLFWDQ
HYHQWQRWEHLQJUHODWHGWR8$4HYHQWVRUIXPHHYHQWVSHUFHQWRIWKHWLPH7KH
VHQVLWLYLW\YDOXHIRUOHYHOVWZRDQGWKUHHLQGLFDWHGWKHPRGHOFRXOGSUHGLFW8$4HYHQWV
SHUFHQWRIWKHWLPHDQGIXPHHYHQWVSHUFHQWRIWKHWLPH6SHFLILFLW\YDOXHV
LQGLFDWHWKHPRGHOFDQFRUUHFWO\SUHGLFWSHUFHQWRIWKHHYHQWVWKDWDUHQRWUHODWHGWR
8$4DQGDUHQRWIXPHHYHQWV OHYHORQH DQGSHUFHQWRIWKHHYHQWVWKDWDUHQRW
8$4HYHQWVDQGSHUFHQWRIWKHHYHQWVWKDWDUHQRWIXPHHYHQWV7KHRYHUDOO
SUHGLFWLRQDFFXUDF\IRUWKHJUDGLHQWERRVWLQJPRGHOLVSHUFHQWZLWKJRRGSUHGLFWLRQ
DFFXUDF\DQGJRRGSUHGLFWLYHSRZHUIRUOHYHORQHHYHQWVEXWOLPLWHGSUHGLFWLYHSRZHUIRU
8$4DQGIXPHHYHQWV

Table 15
Gradient Boosting Model Confusion Matrix
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Note.:KHUH  LVDQHYHQWQRWUHODWHGWR8$4  LVDQHYHQWUHODWHGWR8$4EXWLVQRW
DIXPHHYHQWDQG  LVDQHYHQWSHUFHLYHGE\WKHUHSRUWHUWREHDIXPHHYHQW73LVWUXH
SRVLWLYH71LVWUXHQHJDWLYH)3LVIDOVHSRVLWLYHDQG)1LVIDOVHQHJDWLYH





Table 16
Gradient Boosting Model Sensitivity and Specificity
(YHQW
1RQ8$4RU)XPH
7\SH
(YHQW  
6HQVLWLYLW\

6SHFLILFLW\



8$4  


)XPH(YHQW  







7KH/LIWFXUYHVIRUWKHJUDGLHQWERRVWLQJPRGHO¶VWUDLQLQJDQGYDOLGDWLRQGDWDDUH
IRXQGLQ)LJXUH7KHWUDLQLQJDQGYDOLGDWLRQFXUYHVDUHYHU\VLPLODUDJDLQLQGLFDWLQJ
JRRGPRGHOUHOLDELOLW\7KHYDOXHRILVHTXDOWRWKDWRIWKHUDQGRPIRUHVWDQGWKH
GHFLVLRQWUHHPRGHOV¶/LIWFXUYHYDOXHV

Figure 15
Gradient Boosting Model Lift Curve

Random Forest Model Results. 7KHUDQGRPIRUHVWPRGHOSURGXFHGWKHVHFRQG
ORZHVWPLVFODVVLILFDWLRQUDWHDQGWKHVHFRQGORZHVWDYHUDJHVTXDUHGHUURUYDOXHVDQGKDG




DQLGHQWLFDO52&LQGH[YDOXHDVWKHORJLVWLFUHJUHVVLRQPRGHOZKLFKZDVDOVRWKHKLJKHVW
52&LQGH[7KHFRQIXVLRQPDWUL[DVVKRZQLQ7DEOHLQGLFDWHVYDOXHVVLPLODUWRWKRVH
SURYLGHGE\WKHJUDGLHQWERRVWLQJPRGHO6HQVLWLYLW\DQGVSHFLILFLW\YDOXHVZHUH
FDOFXODWHGIRUHDFKOHYHORIWKHWDUJHWYDULDEOHDQGDUHIRXQGLQ7DEOH6HQVLWLYLW\
YDOXHVIRU8$4HYHQWVDQGIXPHHYHQWVDUHVOLJKWO\LPSURYHGRYHUWKRVHRIWKHJUDGLHQW
ERRVWLQJPRGHODQGWKHVSHFLILFLW\YDOXHVIRUWKHFRUUHFWSUHGLFWLRQRIHYHQWVWKDWDUHQRW
8$4DQGQRWIXPHHYHQWVDUHDOVRVOLJKWO\LPSURYHG2YHUDOOSUHGLFWLRQDFFXUDF\RIWKLV
PRGHOLVSHUFHQWPDUJLQDOO\EHWWHUWKDQWKDWRIWKHJUDGLHQWERRVWLQJPRGHO

Table 17
Random Forest Model Confusion Matrix
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Note.:KHUH  LVDQHYHQWQRWUHODWHGWR8$4  LVDQHYHQWUHODWHGWR8$4EXWLVQRW
DIXPHHYHQWDQG  LVDQHYHQWSHUFHLYHGE\WKHUHSRUWHUWREHDIXPHHYHQW73LVWUXH
SRVLWLYH71LVWUXHQHJDWLYH)3LVIDOVHSRVLWLYHDQG)1LVIDOVHQHJDWLYH

Table 18
Random Forest Model Sensitivity and Specificity
(YHQW
1RQ8$4RU)XPH
7\SH
(YHQW  
6HQVLWLYLW\

6SHFLILFLW\



8$4  


)XPH(YHQW  









7KH/LIWFXUYHLVVLPLODUWRWKHKLJKUDQNLQJPRGHOVZLWKWKHWUDLQLQJDQG
YDOLGDWLRQFXUYHVDSSHDULQJYHU\VLPLODUDVVKRZQLQ)LJXUH7KLV/LIWFXUYHYDOXHRI
LVHTXDOWRWKDWRIWKHUDQGRPIRUHVWDQGWKHGHFLVLRQWUHHPRGHOV¶/LIWFXUYHYDOXHV
LQGLFDWLQJWKHWKUHHPRGHVDUHVLPLODULQSUHGLFWLYHSRZHUEDVHGRQWKLVIDFWRU

Figure 16
Random Forest Model Lift Curve

Logistic Regression Model Results. 7KHORJLVWLFUHJUHVVLRQPRGHOSURGXFHGWKH
ORZHVWYDOXHVIRU05DQG$6(EDVHGRQYDOLGDWLRQGDWD7KLVPRGHOVKDUHGWKHKLJKHVW
YDOXHIRUWKH52&LQGH[ZLWKWKHUDQGRPIRUHVWPRGHO$FRQIXVLRQPDWUL[IRUWKLV
PRGHOLVIRXQGLQ7DEOHDQGWKHVHQVLWLYLW\DQGVSHFLILFLW\YDOXHVDUHSUHVHQWHGLQ
7DEOH9DOXHVIRXQGLQWKHFRQIXVLRQPDWUL[DUHVLPLODUWRWKRVHRIWKHJUDGLHQW
ERRVWLQJDQGWKHUDQGRPIRUHVWPRGHOV7KHVHQVLWLYLW\YDOXHIRUWKHFRUUHFWSUHGLFWLRQRI
8$4HYHQWVLVKLJKHUWKDQIRUWKHJUDGLHQWERRVWLQJRUWKHUDQGRPIRUHVWPRGHOVDW
SHUFHQWDOWKRXJKWKHVSHFLILFLW\RUWKHDELOLW\WRFRUUHFWO\SUHGLFWWKHHYHQWVQRWUHODWHGWR



8$4RUIXPHHYHQWVSHUFHQWRIWKHWLPHLVWKHORZHVWRIWKHWKUHHPRGHOVDVVHVVHG
7KHRYHUDOOSUHGLFWLRQDFFXUDF\RIWKLVPRGHOLVWKHKLJKHVWRIDOOPRGHOVDWSHUFHQW

Table 19
Logistic Regression Model Confusion Matrix
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Note.:KHUH  LVDQHYHQWQRWUHODWHGWR8$4  LVDQHYHQWUHODWHGWR8$4EXWLVQRW
DIXPHHYHQWDQG  LVDQHYHQWSHUFHLYHGE\WKHUHSRUWHUWREHDIXPHHYHQW73LVWUXH
SRVLWLYH71LVWUXHQHJDWLYH)3LVIDOVHSRVLWLYHDQG)1LVIDOVHQHJDWLYH

Table 20
Logistic Regression Model Sensitivity and Specificity
(YHQW
7\SH
6HQVLWLYLW\

1RQHYHQW  


8$4  


)XPHHYHQW  
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7KH/LIWFXUYHIRUWKHWUDLQLQJGDWDLVYHU\VLPLODUWRWKHFXUYHIRUWKHYDOLGDWLRQ
GDWDZKLFKLPSOLHVPRGHOUHOLDELOLW\DVVHHQLQ)LJXUH7KH/LIWYDOXHRILVWKH
KLJKHVWRIWKHSUHGLFWLYHPRGHOVGHYHORSHGLQWKLVVWXG\VXJJHVWLQJEDVHGRQWKLV
FULWHULRQWKHORJLVWLFUHJUHVVLRQPRGHOKDVWKHKLJKHVWSUHGLFWLYHSRZHUDPRQJWKH
PRGHOV



Figure 17
Logistic Regression Model Lift Curve



7-branch Decision Tree Model Results. 7KLVPRGHOSURGXFHGWKHWKLUGORZHVW
PLVFODVVLILFDWLRQUDWHDIWHUWKHORJLVWLFUHJUHVVLRQDQGWKHUDQGRPIRUHVWPRGHOVXVLQJWKH
YDOLGDWLRQDQGWHVWGDWDDQGKDGWKHVHFRQGKLJKHVW52&LQGH[DWDIWHUWKHUDQGRP
IRUHVWDQGORJLVWLFUHJUHVVLRQPRGHOVZKLFKZHUHERWK7KHFRQIXVLRQPDWUL[DQG
VHQVLWLYLW\DQGVSHFLILFLW\YDOXHVDUHIRXQGLQ7DEOHVDQGUHVSHFWLYHO\5HVXOWV
IURPWKHFRQIXVLRQPDWUL[DUHUHODWLYHO\FRQVLVWHQWZLWKWKHPRGHOVSUHYLRXVO\DVVHVVHG
7KHVHQVLWLYLW\YDOXHVIRUWKHFRUUHFWSUHGLFWLRQRI8$4DUHWKHVHFRQGORZHVWDIWHUWKH
JUDGLHQWERRVWLQJPRGHODQGIRUIXPHHYHQWVWKLVPRGHOVKRZVWKHORZHVWVHQVLWLYLW\RU
WKHOHDVWDELOLW\WRFRUUHFWO\SUHGLFWIXPHHYHQWV7KHVSHFLILFLW\RUWKHDELOLW\WRFRUUHFWO\
SUHGLFWHYHQWVQRWUHODWHGWR8$4RUIXPHHYHQWVKDGWKHKLJKHVWYDOXHRIWKHPRGHOV
DVVHVVHG7KHRYHUDOOSUHGLFWLRQDFFXUDF\IRUWKHEUDQFKGHFLVLRQWUHHPRGHOLV
SHUFHQW




Table 21
7-branch Decision Tree Model Confusion Matrix
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DIXPHHYHQWDQG  LVDQHYHQWSHUFHLYHGE\WKHUHSRUWHUWREHDIXPHHYHQW73LVWUXH
SRVLWLYH71LVWUXHQHJDWLYH)3LVIDOVHSRVLWLYHDQG)1LVIDOVHQHJDWLYH

Table 22
7-branch Decision Tree Model Sensitivity and Specificity
(YHQW
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6LPLODUWRWKHRWKHUPRGHOVWKH/LIWFXUYHIRUWKHWUDLQLQJGDWDLVYHU\VLPLODUWR
WKHFXUYHIRUWKHYDOLGDWLRQGDWDZKLFKLPSOLHVPRGHOUHOLDELOLW\DVVHHQLQ)LJXUH
7KH/LIWYDOXHRIIRUWKHEUDQFKGHFLVLRQWUHHLVHTXDOWRWKH/LIWYDOXHVRIWKH
UDQGRPIRUHVWDQGJUDGLHQWERRVWLQJPRGHOV





Figure 18
7-branch Decision Tree Model Lift Curve



7KHYDOXHVIRUDVVHVVPHQWRIWKHYDOLGLW\DQGUHOLDELOLW\EHWZHHQPRGHOVDUH
VLPLODUDQGLQGLFDWHVOLJKWO\EHWWHUSHUIRUPLQJPRGHOVDUHEDVHGRQGLIIHUHQWFULWHULDZLWK
QRRQHPRGHOHPHUJLQJDVDFOHDUFKDPSLRQPRGHO$VXPPDU\RISUHFLVLRQDQG
DFFXUDF\UHVXOWVIRUWKHSUHGLFWLRQRIIXPHHYHQWV OHYHOWKUHHRIWKHWDUJHWYDULDEOH IRU
WKHWRSIRXUPRGHOVEDVHGRQYDOLGDWLRQGDWDLVVKRZQLQ7DEOH
%DVHGRQWKHYDOXHVVKRZQWKHORJLVWLFUHJUHVVLRQPRGHOGLVSOD\VVOLJKWO\EHWWHU
DFFXUDF\WKDQWKHRWKHUPRGHOVKRZHYHUWKHIRXUPRGHOVDUHFRPSDUDEOHDQGHDFKFRXOG
EHUHFRPPHQGHGZLWKUHDVRQDEOHH[SHFWDWLRQVRIDFFXUDF\6HQVLWLYLW\WKHWUXHSRVLWLYH
UDWHRUWKHPRGHO¶VDELOLW\WRFRUUHFWO\SUHGLFWIXPHHYHQWVLVKLJKHVWIRUWKHUDQGRP
IRUHVWPRGHODQGDOORZVWKHPRGHOWRSUHGLFWIXPHHYHQWVSHUFHQWRIWKHWLPH7KH
IDOVHSRVLWLYHUDWHZKLFKUHIOHFWV7\SH,HUURUVUDQJHVIURPWRSHUFHQWZKLOHWKH
IDOVHQHJDWLYHUDWHZKLFKUHIOHFWV7\SH,,HUURUVUDQJHVIURPWRSHUFHQW



3UHGLFWLYHSUHFLVLRQYDOXHVRUKRZFORVHWKHPRGHO¶VSUHGLFWHGHYHQWVDUHWRWKHDFWXDO
HYHQWVDUHEHWWHUWKDQSHUFHQWIRUDOOPRGHOVZLWKWKHORJLVWLFUHJUHVVLRQPRGHO
H[KLELWLQJWKHPRVWSUHFLVLRQ$OOWKHPRGHOVGLVSOD\HGKLJKQHJDWLYHSUHGLFWLRQUDWHV
LQGLFDWLQJDQDELOLW\WRFRUUHFWO\SUHGLFWWUXHQHJDWLYHHYHQWV7KHIXUWKHUWKHQXPEHURI
REVHUYDWLRQVRIWKHHYHQWVIURPWKHQXPEHURISUHGLFWHGHYHQWVWKHOHVVXVHIXOWKH
PRGHOVDUHDWSUHGLFWLQJDFWXDOHYHQWV$FFRUGLQJWR+DQDQG.DPEHU  VHQVLWLYLW\
RUUHFDOOZKLFKLVWKHDELOLW\RIDPRGHOWRILQGDOORIWKHUHOHYDQWHYHQWVZLWKLQWKH
GDWDVHWLVWKHPHWULFWREHXVHGWRVHOHFWWKHEHVWPRGHOZKHQWKHUHLVDKLJKFRVW
DVVRFLDWHGZLWKIDOVHQHJDWLYHV 6KXQJ ,QWKHFDVHRIIXPHHYHQWVZKLFKKDYHWKH
SRWHQWLDOIRUDFXWHRUFKURQLFHIIHFWVRQFUHZPHPEHUV¶DQGSDVVHQJHUV¶KHDOWKDQG
VDIHW\IDOVHO\LGHQWLI\LQJDQHYHQWDVQHJDWLYHFRXOGKDYHGLUHFRQVHTXHQFHV8VLQJWKLV
FULWHULRQWKHUDQGRPIRUHVWPRGHOIROORZHGE\WKHORJLVWLFUHJUHVVLRQPRGHOKDYHWKH
KLJKHVWUHFDOOYDOXHVDQGVKRXOGEHXVHG7KHDVVHVVPHQWVXPPDU\IRUWKHORJLVWLF
UHJUHVVLRQPRGHOLVIRXQGLQ$SSHQGL[(7KH6$6FRGHVIRUWKHJUDGLHQWERRVWLQJ
UDQGRPIRUHVWDQGEUDQFKGHFLVLRQWUHHPRGHOVDUHIRXQGLQ$SSHQGLFHV)*DQG+




Table 23
Precision and Accuracy Values for Fume Event Prediction for Validation Data for Top
Four Models
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Importance of the Variables
9DULDEOHLPSRUWDQFHIRUWKHVHFRQGDQGWKLUGOHYHOVRIWKHWDUJHWYDULDEOHDV
GHWHUPLQHGE\WKHIRXUWRSUDQNLQJPRGHOVLVFRQVLVWHQWDFURVVWKHPRGHOV5HVXOWVIURP
WKHJUDGLHQWERRVWLQJPRGHOUDQNHGWKHYDULDEOHVHQVRU\SHUFHSWLRQDVWKHPRVWLPSRUWDQW
YDULDEOHIROORZHGE\V\VWHPDQRPDO\FDELQDIIHFWHGDLUFUDIWDFWLRQSDVVHQJHU
GLVUXSWLRQDLUFRQGLWLRQLQJPDLQWHQDQFHFRQFHUQSRZHUFKDQJHHQJLQHLVVXHDQGIOLJKW
FRQGLWLRQ$WRWDORIWZHQW\RQHYDULDEOHVZHUHUDQNHGDVYDULDEOHVRILPSRUWDQFHWKHVH
UHVXOWVDUHIRXQGLQ7DEOH7ZHQW\WZRYDULDEOHVZHUHUDQNHGLQUHVXOWVIURPWKH
UDQGRPIRUHVWPRGHOZLWKVHQVRU\SHUFHSWLRQUDQNHGDVKDYLQJWKHKLJKHVWLPSRUWDQFH



IROORZHGE\V\VWHPDQRPDO\DLUFUDIWDFWLRQSDVVHQJHUGLVUXSWLRQFDELQDIIHFWHGDLU
FRQGLWLRQLQJSRZHUFKDQJHHQJLQHLVVXHPDLQWHQDQFHFRQFHUQDQGIOLJKWFRQGLWLRQ
7KHVHUHVXOWVDUHIRXQGLQ7DEOH

Table 24
Gradient Boosting Model Variables of Importance Results
9DULDEOH1DPH
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Table 25
Random Forest Model Variables of Importance Results
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(IIHFWVSORWVGLVSOD\LQJDEDUFKDUWRIDEVROXWHYDOXHVRIWKHFRHIILFLHQWVLQWKH

ORJLVWLFUHJUHVVLRQPRGHOVZHUHSURGXFHG7KHEDUVDUHFRORUFRGHGZLWKEOXHLQGLFDWLQJ



DSRVLWLYHHIIHFWDQGUHGLQGLFDWLQJDQHJDWLYHHIIHFWRQWKHWDUJHWYDULDEOH7KH
FRHIILFLHQWVIRUWKHVHFRQGOHYHORIWKHWDUJHWYDULDEOHZKLFKLVDQHYHQWUHODWHGWR8$4
EXWLVQRWDIXPHHYHQWDUHVKRZQLQ)LJXUH,QWKHVHUHVXOWVWRSLFV VHQVRU\
SHUFHSWLRQ DQG HQJLQHLVVXH SRVLWLYHO\DIIHFW8$4HYHQWVZKLOHWRSLFV FDELQ
DIIHFWHG  SRZHUFKDQJH DQG SDVVHQJHUGLVUXSWLRQ QHJDWLYHO\DIIHFW8$4HYHQWV
)RUWKHLGHQWLILFDWLRQRIIDFWRUVDVVRFLDWHGZLWKIXPHHYHQWVRUOHYHOWKUHHRIWKHWDUJHW
YDULDEOH)LJXUHVKRZVWRSLFV VHQVRU\SHUFHSWLRQ  HQJLQHLVVXH DQG SRZHU
FKDQJH KDYHSRVLWLYHHIIHFWVZKLOHWRSLFV SDVVHQJHUGLVUXSWLRQ DQG FDELQDIIHFWHG 
QHJDWLYHO\LQIOXHQFHWKHHYHQWV7KHVHUHVXOWVDUHGLVSOD\HGZLWKPRUHGHWDLOHGDGGLWLRQDO
LQIRUPDWLRQDERXWERWKWDUJHWYDULDEOHOHYHOVLQ7DEOH

Figure 19
Logistic Regression Effects Plot for Target Variable Level 2: UAQ Event




Figure 20
Logistic Regression Effects Plot for Target Variable Level 3: Fume Event


Table 26
Logistic Regression Model Analysis of Maximum Likelihood Results for Variables of
Importance
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2GGVUDWLRVZHUHUHYLHZHGIRUWKHWDUJHWYDULDEOHVLQWKHORJLVWLFUHJUHVVLRQPRGHO

WRHYDOXDWHWKHVWUHQJWKRIWKHDVVRFLDWLRQEHWZHHQWKHIDFWRUVDQGWKHRFFXUUHQFHRIIXPH
HYHQWV7KHIDFWRUVVHQVRU\SHUFHSWLRQSRZHUFKDQJHDQGPDLQWHQDQFHFRQFHUQ
LQGLFDWHGRGGVUDWLRVRIIROORZHGE\HQJLQHLVVXHZLWKDLUFRQGLWLRQLQJ
ZLWKDQGV\VWHPDQRPDO\FDELQDIIHFWHGIOLJKWFRQGLWLRQDQGSDVVHQJHU
GLVUXSWLRQZLWKRGGVUDWLRVOHVVWKDQ
7KHYDULDEOHVRILPSRUWDQFHWDEOHIRUWKHEUDQFKGHFLVLRQWUHHPRGHOZDV
UHYLHZHGDQGLVIRXQGLQ7DEOH7KHYDULDEOHVLQUDQNRILPSRUWDQFHIRUWKLVPRGHODUH
VHQVRU\SHUFHSWLRQFDELQDIIHFWHGDLUFUDIWDFWLRQV\VWHPDQRPDO\SRZHUFKDQJHDQG
DLUFUDIWPLVVLRQ7KHODVWYDULDEOHLVIURPWKH$656GDWDVHWWKHRWKHUVZHUHLGHQWLILHG
IURPWKHUHVXOWVRIWKHWH[WPLQLQJSURFHVV7KHYDULDEOHDLUFUDIWDFWLRQZDVLGHQWLILHGLQ
WKHYDOLGDWLRQGDWDEXWZDVQRWIRXQGWREHDYDULDEOHRILPSRUWDQFHZKHQYDOLGDWLRQGDWD
ZHUHFRPSDUHGWRWUDLQLQJGDWD





Table 27
7-branch Decision Tree Model Variables of Importance Results
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,QDOOIRXUPRGHOVWKHYDULDEOHVHQVRU\SHUFHSWLRQZDVUDQNHGDVWKHPRVW
LPSRUWDQWYDULDEOHDVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWV:KLOHWKLVPD\VHHP
REYLRXVLWPD\VHUYHDVDQLQGLFDWRURIWKHGLIILFXOW\LQLGHQWLI\LQJDQ\DFWLRQVDFWLYLWLHV
PLVKDSVDOHUWVVLJQVRUZDUQLQJVWKDWFRXOGEHXVHGWRYHULI\WKHRFFXUUHQFHRIDIXPH
HYHQW,WDOVRSODFHVWKHRQXVWRLGHQWLI\WKHRFFXUUHQFHRIDIXPHHYHQWRQKXPDQVHQVHV
ZKLFKPD\EHVXEMHFWLYHYDULDEOHDQGIDOOLEOH7KHYDULDEOHVV\VWHPDQRPDO\FDELQ
DIIHFWHGDLUFUDIWDFWLRQSDVVHQJHUGLVUXSWLRQSRZHUFKDQJHDQGHQJLQHLVVXHDUH
LQFOXGHGLQWKHWRSUDQNHGYDULDEOHVRILPSRUWDQFHIRUWKHIRXUEHVWSHUIRUPLQJPRGHOV
Summary
'DWDIURPUHSRUWVVXEPLWWHGE\IOLJKWDQGFDELQFUHZPHPEHUVZHUHGRZQORDGHG
IURPWKHSXEOLFO\DYDLODEOH$656GDWDEDVH7H[WPLQLQJWHFKQLTXHVDOORZHGH[SORUDWLRQ
RIWKHGDWDIRUWHUPVDQGWKHPHVFRQWDLQHGLQWKHQDUUDWLYHILHOGVRIWKHVHUHSRUWV7HUPV
ZHUHJURXSHGLQWRWRSLFVDQGQHZYDULDEOHVZHUHFUHDWHGIRULQFOXVLRQLQWKHPRGHOV



DORQJZLWKYDULDEOHVIURPWKH$656GDWDVHW6L[PRGHOVZHUHGHYHORSHGDQGHYDOXDWHG
XVLQJGHFLVLRQWUHHUDQGRPIRUHVWJUDGLHQWERRVWLQJDQGORJLVWLFUHJUHVVLRQDOJRULWKPV
5HVXOWVIURPWKHWRSIRXUPRGHOVZHUHUHYLHZHGWRLGHQWLI\WKHSUHHPLQHQWPRGHOIRU
DFFXUDF\DQGSUHGLFWLYHSRZHUZLWKQRRQHPRGHOSUHVHQWLQJDVDFKDPSLRQPRGHO
5HVXOWVIURPWKHWRSIRXUPRGHOVZHUHUHYLHZHGWRLGHQWLI\LPSRUWDQWIDFWRUVDVVRFLDWHG
ZLWKWKHRFFXUUHQFHRIIXPHHYHQWVXVLQJYROXQWDULO\UHSRUWHGGDWD








Chapter V: Discussion, Conclusions, and Recommendations
7KLVFKDSWHUH[DPLQHVWKHUHVXOWVSUHVHQWHGLQWKHSUHYLRXVFKDSWHUDQGDGGUHVVHV
WKHWKUHHUHVHDUFKTXHVWLRQVSUHVHQWHGLQ&KDSWHU,'LVFXVVLRQRIWKHILQGLQJVIURPWKH
WH[WDQGGDWDPLQLQJSURFHVVHVDQGWKHVHYHQLPSRUWDQWYDULDEOHVLGHQWLILHGE\WKHPRGHO
DOJRULWKPVDUHIRXQGLQ&KDSWHU97KHWKHRUHWLFDODQGSUDFWLFDOFRQWULEXWLRQVRIWKLV
UHVHDUFKDQGKRZILQGLQJVFDQEHXVHGE\LQGXVWU\UHJXODWRUVDQGHGXFDWRUVDUHDOVR
SUHVHQWHGDORQJZLWKUHFRPPHQGDWLRQVIRUIXWXUHUHVHDUFK
Discussion
$VWKHDYLDWLRQLQGXVWU\UHERXQGVIROORZLQJWKH6$56&R9SDQGHPLFDQG
FRQWLQXHVWRJURZLQWKHQXPEHUVRIIOLJKWVDQGKRXUVIORZQSDVVHQJHUVFDELQFUHZV
DQGIOLJKWFUHZVZLOOEHDWLQFUHDVHGULVNRISRWHQWLDOH[SRVXUHWRKD]DUGRXVFRPSRXQGV
GXULQJIXPHHYHQWV&XUUHQWHIIRUWVWRPLWLJDWHVDIHW\KD]DUGVFDQLQFOXGHUHDFWLYH
UHVSRQVHVDIWHUUHYLHZLQJILQGLQJVIURPVDIHW\LQYHVWLJDWLRQVDQGSURDFWLYHUHVSRQVHVLI
WKLVLQIRUPDWLRQLVLQFRUSRUDWHGLQWRWKHLPSURYHPHQWRIRSHUDWLRQVSURFHGXUHVRU
SROLFLHV7KHLGHQWLILFDWLRQRIFRQGLWLRQVHYHQWVDQGEHKDYLRUVDVVRFLDWHGZLWKDFFLGHQWV
FDQDOVREHXVHGWRLQWHUUXSWDVHTXHQFHRIHYHQWVDQGSUHYHQWDQLQFLGHQWRUDFFLGHQW
IURPRFFXUULQJ,GHQWLILFDWLRQRIWKHVHIDFWRUVFDQSURGXFHLQIRUPDWLRQXVHGWRSODQ
LQWHUYHQHDQGGHYHORSJXLGDQFHWROLPLWDGYHUVHRXWFRPHVDQGPLWLJDWHHYHQWV$VDQ
LQWHJUDOSDUWRIWKHVDIHW\ULVNPDQDJHPHQWFRPSRQHQWRI)$$PDQGDWHGVDIHW\
PDQDJHPHQWV\VWHPVHIIRUWVWRLGHQWLI\DQGIRUHVHHKD]DUGVVKRXOGEHDGDSWHGWRDGGUHVV
DQGPLWLJDWHWKHULVNVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWV7KHLGHQWLILFDWLRQRI
LPSRUWDQWIDFWRUVDVVRFLDWHGZLWKIXPHHYHQWVFDQDVVLVWLQWKHVHHIIRUWVDVZHOODV




SURYLGHUHVHDUFKHUVZLWKDGGLWLRQDOLQIRUPDWLRQIRUSLQSRLQWLQJWKHSRWHQWLDOIRU
RFFXUUHQFHDQGPD[LPL]LQJRSSRUWXQLWLHVWRLGHQWLI\DQGTXDQWLI\KD]DUGRXVFRPSRXQGV


(GXFDWLRQDOHIIRUWVDQGLQLWLDWLYHVWRHGXFDWHFDELQDQGIOLJKWFUHZVWRUHFRJQL]H

DQGEHWWHUSUHSDUHIRUWKHLQLWLDWLRQRISURFHGXUHVWRPLWLJDWHWKHKD]DUGVDQGUHGXFHULVN
FDQEHHQKDQFHGE\LQIRUPDWLRQIURPWKLVUHVHDUFKDVZHOO7KHILQGLQJVIURPWKLV
UHVHDUFKFDQEHXVHGWRDVVLVWUHJXODWRUVDQGODERUUHSUHVHQWDWLYHVLQWKHGHYHORSPHQWRID
GDWDEDVHWRGRFXPHQWIXPHHYHQWVWKHPLWLJDWLQJDFWLRQVWDNHQE\FUHZPHPEHUVDQG
GRFXPHQWDWLRQRIDQ\KHDOWKHIIHFWVDQGV\PSWRPVH[SHULHQFHGE\IOLJKWFUHZVFDELQ
FUHZVRUSDVVHQJHUV
7KHWH[WPLQLQJSURFHVVZDVFRQGXFWHGXVLQJUHSRUWQDUUDWLYHVVXEPLWWHGWRWKH
$656E\FDELQDQGIOLJKWFUHZPHPEHUVWRGHWHUPLQHLPSRUWDQWWRSLFVDVVRFLDWHGZLWK
WKHRFFXUUHQFHRIIXPHHYHQWV7HQWRSLFDUHDVZHUHLGHQWLILHGDQGFRQVLGHUHGDVQHZ
YDULDEOHVIURPWKH$656GDWDEDVHIRUDQDO\VLV7KHVHWHQWRSLFVZHUHFRPELQHGZLWK
YDULDEOHVIURPWKH$656GDWDVHWDQGZHUHXVHGLQGHYHORSLQJWUDLQLQJYDOLGDWLQJDQG
WHVWLQJPDFKLQHOHDUQLQJDOJRULWKPVLQVL[GLIIHUHQWPRGHOVWRDVVHVVWKHLPSRUWDQFHRI
WKHIDFWRUVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWV,PSRUWDQWIDFWRUVFRQWULEXWLQJ
WRWKHRFFXUUHQFHRIIXPHHYHQWVZHUHLGHQWLILHGWKURXJKWKHWH[WPLQLQJSURFHVVDQG
YHULILHGLQWKHPRGHOUHVXOWV7KHLPSRUWDQWYDULDEOHVLQFOXGHVHQVRU\SHUFHSWLRQV\VWHP
DQRPDO\FDELQDIIHFWHGDLUFUDIWDFWLRQSDVVHQJHUGLVUXSWLRQSRZHUFKDQJHDQGHQJLQH
LVVXH7KHVHILQGLQJVDGGYDOXHWRWKHH[LVWLQJERG\RIOLWHUDWXUHDVWKH\UHYHDODGGLWLRQDO
GHWDLOVRQIXPHHYHQWRFFXUUHQFHDQGHQKDQFHVDIHW\UHVHDUFKE\KLJKOLJKWLQJWKH
LPSRUWDQFHRIWKHVHIDFWRUVDVVRFLDWHGZLWKIXPHHYHQWV




7KHSXUSRVHDQGGHVLJQRIWKLVUHVHDUFKZHUHEDVHGRQDQVZHULQJWKUHH
IXQGDPHQWDOUHVHDUFKTXHVWLRQV
Research Question 1: +RZFDQWH[WPLQLQJWHFKQLTXHVEHXVHGWRH[SORUHDQG
LGHQWLI\LPSRUWDQWYDULDEOHVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIDUHSRUWHGIXPHHYHQW
XVLQJWH[WXDOGDWDIRXQGLQYROXQWDU\UHSRUWVVXEPLWWHGE\IOLJKWDQGFDELQFUHZ
PHPEHUV"7H[WPLQLQJWHFKQLTXHVZHUHVXFFHVVIXOO\XVHGLQDQH[SORUDWRU\DQGGDWD
GULYHQSURFHVVXVLQJWRSLFVIRXQGLQWKHQDUUDWLYHWH[WILHOGLQYROXQWDU\UHSRUWVFRQWDLQHG
LQWKH$656GDWDEDVH6$67H[W0LQHUZDVHPSOR\HGWRFRQGXFWWKHWH[WPLQLQJ
SURFHVVDQGLQFOXGHGWH[WSDUVLQJWH[WILOWHULQJH[SORUDWLRQRIWH[WFOXVWHULQJDQG
H[SORUDWLRQDQGLGHQWLILFDWLRQRIWH[WWRSLFV6$6(QWHUSULVH0LQHU70ZDVWKHQXVHGWR
GHYHORSWUDLQYDOLGDWHDQGWHVWPRGHOVFRPELQLQJWKHVHWRSLFVDVTXDQWLWDWLYHYDULDEOHV
DQGTXDQWLWDWLYHYDULDEOHVIURPWKH$656GDWDVHW
7H[WSDUVLQJZDVXVHGWRFRQYHUWWKHXQVWUXFWXUHGWH[WRIWKHUHSRUWQDUUDWLYHVLQWR
DVWUXFWXUHGIRUPDWIRUDQDO\VLV,QGLYLGXDOZRUGVZHUHLGHQWLILHGIURPVHQWHQFHVGXULQJ
WKHWRNHQL]DWLRQVWHSDQGOHPPDWL]DWLRQDQGVWHPPLQJZHUHXVHGWRUHGXFHWHUPVWRWKHLU
URRWIRUPV2XWFRPHVIURPWKHWH[WSDUVLQJSURFHVVLQFOXGHGLQGLYLGXDOWHUPVSDUWRI
VSHHFKDWWULEXWHIUHTXHQF\DQGWKHQXPEHURIGRFXPHQWVFRQWDLQLQJWKDWSDUWLFXODU
WHUPZKLFKZHUHUHYLHZHGLQWKHGHYHORSPHQWRIDVWRSOLVW7KHVWRSOLVWFRQWDLQHG
WHUPVWKDWGLGQRWDGGYDOXHLQWKHLGHQWLILFDWLRQRIWRSLFVDQGZHUHH[FOXGHGIURPWKH
WH[WSDUVLQJSURFHVV0DQ\PXOWLSOHLWHUDWLRQVRIWKHWH[WSDUVLQJWHVWILOWHULQJDQGWH[W
WRSLFUHYLHZSURFHVVRFFXUUHGWRLGHQWLI\DQGH[FOXGHWHUPVWKDWZHUHQRWLQIRUPDWLYHWR
WKHGDWD




7KHILOWHULQJVWHSZDVXVHGWRGHYHORSDZHLJKWHGWHUPE\GRFXPHQWPDWUL[WR
UHGXFHWKHWRWDOQXPEHURISDUVHGWHUPVWREHDQDO\]HG,PSRUWDQWWRSLFVZHUHLGHQWLILHG
DQGH[SORUHGDIWHUJURXSLQJ WKHWH[WLQWRFOXVWHUVDQGWRSLFV7HQWRSLFVZHUHLGHQWLILHG
DQGDGGHGWRWKH$656GDWDVHWDVTXDQWLWDWLYHYDULDEOHVWREHXVHGLQGHWHUPLQLQJWKH
IDFWRUVDVVRFLDWHGZLWKWKHWKUHHOHYHOVRIWKHWDUJHWYDULDEOHZKLFKZHUH  HYHQWVQRW
UHODWHGWR8$4  HYHQWVUHODWHGWR8$4EXWQRWIXPHHYHQWDQG  SRWHQWLDOIXPH
HYHQWV
5HVXOWVIURPWKHWH[WPLQLQJSURFHVVIRXQGYDULDEOHVUHSUHVHQWLQJVHQVRU\
SHUFHSWLRQFDELQDIIHFWHGDQGSRZHUFKDQJHZHUHOLVWHGDVLPSRUWDQWIDFWRUVLQWKH
RFFXUUHQFHRIIXPHHYHQWVLQDOOIRXUWRSSHUIRUPLQJPRGHOV7KHYDULDEOHVUHSUHVHQWLQJ
WKHIDFWRUVDLUFUDIWDFWLRQSDVVHQJHUGLVUXSWLRQV\VWHPDQRPDO\DQGHQJLQHLVVXHZHUH
DVVRFLDWHGZLWKIXPHHYHQWVLQWKUHHRIWKHIRXUWRSSHUIRUPLQJPRGHOV
Research Question 2: +RZFDQPRGHOLQJWHFKQLTXHVEHXVHGWRLGHQWLI\IDFWRUV
DVVRFLDWHGZLWKWKHRFFXUUHQFHRIDSHUFHLYHGDQGUHSRUWHGIXPHHYHQWXVLQJTXDOLWDWLYH
DQGTXDQWLWDWLYHYDULDEOHVIRXQGLQYROXQWDU\UHSRUWVVXEPLWWHGE\IOLJKWDQGFDELQFUHZ
PHPEHUV"0RGHOLQJPHWKRGVZHUHXVHGWRGHYHORSPRGHOVWRLGHQWLI\IDFWRUVDVVRFLDWHG
ZLWKWKHRFFXUUHQFHRIIXPHHYHQWVWKURXJKDVWHSZLVHSURFHVVE\ILUVWFRQGXFWLQJWH[W
PLQLQJWRH[SORUHDQGLGHQWLI\LPSRUWDQWWRSLFVFRPELQLQJWKHQHZO\LGHQWLILHGWH[WWRSLF
YDULDEOHVZLWKH[LVWLQJYDULDEOHVFRQWDLQHGLQWKH$656GDWDVHWDQGXVLQJWKLVGDWDWR
GHYHORSWUDLQYDOLGDWHDQGWHVWPRGHOVXVLQJPDFKLQHOHDUQLQJDOJRULWKPV.5HVXOWVRI
WKHVHPRGHOVZHUHXVHGWRLGHQWLI\LPSRUWDQWIDFWRUVDVVRFLDWHGZLWKIXPHHYHQWV7KH
DOJRULWKPVXVHGZHUHGHFLVLRQWUHHVZLWKWKUHHILYHDQGVHYHQEUDQFKHVJUDGLHQW
ERRVWLQJORJLVWLFUHJUHVVLRQDQGUDQGRPIRUHVW




Research Question 3: :KDWDUHWKHLPSRUWDQWIDFWRUVDVVRFLDWHGZLWKWKH
RFFXUUHQFHRIDIXPHHYHQWDVLGHQWLILHGLQYROXQWDULO\UHSRUWHGGDWD"6HYHQIDFWRUV
DSSHDUHGFRQVLVWHQWO\LQUHVXOWVIRUWKHPRVWLPSRUWDQWIDFWRUVDVVRFLDWHGZLWKWKH
RFFXUUHQFHRIIXPHHYHQWVDPRQJWKHWRSPRGHOV7KHVHIDFWRUVLQFOXGHGVHQVRU\
SHUFHSWLRQFDELQDIIHFWHGDQGSRZHUFKDQJHZKLFKZHUHOLVWHGDVIDFWRUVLQDOOIRXUWRS
SHUIRUPLQJPRGHOV7KUHHRIWKHWRSSHUIRUPLQJPRGHOVLQFOXGHGWKHIROORZLQJIRXU
IDFWRUVDLUFUDIWDFWLRQSDVVHQJHUGLVUXSWLRQV\VWHPDQRPDO\DQGHQJLQHLVVXH7KH
IDFWRUVDLUFRQGLWLRQPDLQWHQDQFHFRQFHUQDQGIOLJKWFRQGLWLRQZHUHHDFKIRXQGLQWZR
PRGHOV5HVXOWVIRUWZRPRGHOVSURGXFHGUDQNLQJVIRUDGGLWLRQDOIDFWRUVDVIRXQGLQ
7DEOHVDQGIRUWKHJUDGLHQWERRVWLQJDQGUDQGRPIRUHVWPRGHOV7KHVHYHQPRVW
IUHTXHQWO\OLVWHGIDFWRUVIRXQGLQWKHWRSIRXUPRGHOVDUHGHVFULEHGIXUWKHU
3UHYLRXVUHVHDUFKVXSSRUWVWKHLPSRUWDQFHRIIRXURIWKHWH[WPLQLQJEDVHG
IDFWRUVLQFOXGLQJVHQVRU\SHUFHSWLRQSRZHUFKDQJHDLUFUDIWDFWLRQDQGHQJLQHLVVXH
1HZO\LGHQWLILHGIDFWRUVWKDWKDYHQRWEHHQHPSKDVL]HGLQSUHYLRXVOLWHUDWXUHLQFOXGH
FDELQDIIHFWHGSDVVHQJHUGLVUXSWLRQDQGV\VWHPDQRPDO\$IRFXVRQWKHVHIDFWRUV
WKURXJKUHVHDUFKWUDLQLQJDQGHGXFDWLRQPD\\LHOGDGYDQFHPHQWVLQDZDUHQHVV
UHFRJQLWLRQDQGSUHGLFWLRQRIIXPHHYHQWVDQGHQKDQFHGVDIHW\2QO\RQHYDULDEOHIURP
WKH$656GDWDEDVHZDVLQFOXGHGLQWKHWRSWHQLPSRUWDQWIDFWRUVDPRQJDOOWKHPRGHOVLW
ZDVVL[WKDPRQJWKHLPSRUWDQWIDFWRUVLQWKHEUDQFKGHFLVLRQWUHHPRGHO$LUFUDIW
0LVVLRQZDVWKHYDULDEOHDGGUHVVLQJWKHSXUSRVHRIWKHIOLJKWRIWKHDLUFUDIWLQYROYHGLQ
WKHUHSRUWHGHYHQWVXFKDVSDVVHQJHUFDUJRIHUU\DQGWUDLQLQJ
Sensory Perception7KLVWRSLFZDVUDQNHGDVWKHPRVWLPSRUWDQWIDFWRU
DVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWVLQWKHIRXUEHVWSHUIRUPLQJPRGHOV,W




LQFOXGHVWKHWHUPVVPRNHVPHOORGRUVPHOODQGIXPHZKLFKDUHHOHPHQWVFRPPRQO\
LGHQWLILHGE\WKHROIDFWRU\DQGYLVXDOVHQVHV$OWKRXJKWKHVHWHUPVPD\VHHPREYLRXV
WKHSUHVHQFHRIVPRNHRURGRUVLVFRPPRQO\WKHILUVWLQGLFDWLRQRID8$4RUDIXPH
HYHQW7KHSUHVHQFHRIRGRUVRUVPRNHLQIXPHHYHQWVLVVWURQJO\VXSSRUWHGE\WKH
OLWHUDWXUH $QGHUVRQ&UXPSHWDOD+DUULVRQHWDO0LFKDHOLV
0XUDZVNL5RLJHWDO5RVHQEHUJHUHWDO6KHKDGLHWDO 
5HVHDUFKE\6FKXFKDUGWHWDO  LQGLFDWHVUHSRUWHGVPHOOHYHQWVFDQQRWEHYHULILHG
ZLWKUHJXODUO\XVHGDQDO\WLFDOPHWKRGVDQGPHDQLQJIXOGHWHFWLRQRIRLORULWVS\URO\]HG
E\SURGXFWVFDQQRWEHFRQGXFWHGE\RGRUDORQH$VDQLPSRUWDQWIDFWRUDVVRFLDWHGZLWK
IXPHHYHQWVWKHUHLVQRSUHVXPSWLRQWKDWVHQVRU\SHUFHSWLRQDORQHZRXOGLQGLFDWHRU
SUHGLFWDIXPHHYHQW$VDQLPSRUWDQWIDFWRUDVVRFLDWHGZLWKIXPHHYHQWVVHQVRU\
SHUFHSWLRQZRXOGQRWEHXVHGWRLGHQWLI\RUTXDQWLI\DIXPHHYHQWEXWLWVUDQNLQJDVWKH
PRVWLPSRUWDQWYDULDEOHEHOLHVGLVUHJDUGLQJWKHFRUUHODWLRQZLWKIXPHHYHQWV
:KLOHWKHWHUPVFRQWDLQHGLQWKHVHQVRU\SHUFHSWLRQWRSLFPD\DOVREHDVVRFLDWHG
ZLWKDFXWHHPHUJHQFLHVVXFKDVILUHRQERDUGDQDLUFUDIWUHFRJQLWLRQRIDVPHOORURGRU
PD\YDU\E\WKHUHSRUWHUDQGPD\EHDKLJKO\VXEMHFWLYHREVHUYDWLRQWKHUDQNLQJDVPRVW
LPSRUWDQWIDFWRUEHDUVDFNQRZOHGJPHQWRIWKHLPSRUWDQFHRIWKHWRSLFLQUHSRUWHG8$4
DQGIXPHHYHQWV7KHLPSRUWDQFHRIWKLVWRSLFLQLWVLGHQWLILFDWLRQDVWKHPRVWLPSRUWDQW
IDFWRULQHDFKRIWKHIRXUWRSSHUIRUPLQJPRGHOVPD\DOVRVHUYHDVDQLQGLFDWRURIWKH
GLIILFXOW\LQLGHQWLI\LQJRWKHUIDFWRUVSUHVHQWLQDGYDQFHRIWKHRFFXUUHQFHRIDIXPH
HYHQW
Cabin Affected7KHWRSLFFDELQDIIHFWHGZDVLQFOXGHGLQWKHUHVXOWVRIHDFKRI
WKHWRSIRXUPRGHOVDVDQLPSRUWDQWIDFWRUDQGLQFOXGHVWHUPVGLYHUWSDVVHQJHUDWWHQGDQW




PHGLFDODQGIOLJKWDWWHQGDQW7KHVHWHUPVLQGLFDWHWKHRFFXSDQWVRIWKHFDELQWKH
SDVVHQJHUVDQGIOLJKWDWWHQGDQWVDUHLQYROYHGLQWKHHYHQWV7KHLUSRWHQWLDOWREHLQYROYHG
LQWKHUHFRJQLWLRQUHSRUWLQJDQGRXWFRPHRIIXPHHYHQWVVXJJHVWVDJUHDWHUHPSKDVLVRQ
WKHHGXFDWLRQDQGWUDLQLQJRIFDELQFUHZVLQUHFRJQLWLRQDQGDZDUHQHVVRIIXPHHYHQWV
PD\EHEHQHILFLDOWRSUHGLFWLRQDQGPLWLJDWLRQ)LQGLQJVIURPWKLVVWXG\LQGLFDWHOHVVWKDQ
RQHSHUFHQWRIWKHUHSRUWVLQFOXGHGLQWKH$656GDWDEDVHDUHIURPFDELQFUHZPHPEHUV
)OLJKWDWWHQGDQWVZKLOHSRWHQWLDOO\EHLQJDPRQJWKHILUVWWRUHFRJQL]HIXPHHYHQWVDQG
H[SHULHQFHWKHLUHIIHFWVGRQRWKDYHUHSRUWVUHSUHVHQWHGLQWKH$656GDWDEDVHWRWKH
VDPHH[WHQWDVIOLJKWFUHZV7KLVWRSLFDOVRLQFOXGHVWKHWHUPVGLYHUWDQGPHGLFDOZKLFK
PD\LQGLFDWHUHVSRQVHVWRIXPHHYHQWVDQGLQYROYHWKHFDELQFUHZDQGSDVVHQJHUVDV
UHFLSLHQWVRIPHGLFDOQHHGVRUWUHDWPHQWDQGSRWHQWLDOO\DIIHFWHGE\WKHLQFRQYHQLHQFHRI
DLUFUDIWGLYHUVLRQV
Power Change. $OVRLQFOXGHGLQWKHOLVWRILPSRUWDQWIDFWRUVIRUDOOIRXURIWKH
WRSPRGHOVZDVWKHWRSLF SRZHUFKDQJH7KLVWRSLFLQFOXGHGWHUPVLPSO\LQJDOWHUDWLRQVLQ
SRZHUVHWWLQJVRUDLUFUDIWSURSXOVLRQVXFKDVWKUXVWSRZHUFRQGLWLRQHYHQWDQGIHHO
7KHLQFOXVLRQRIWKLVWRSLFDPRQJLPSRUWDQWIDFWRUVDVVRFLDWHGZLWKIXPHHYHQWVLV
VXSSRUWHGE\LPSOLFDWLRQVRIVHDOOHDNDJHGXULQJFKDQJHVLQHQJLQHSRZHU $QGHUVRQ
GH%RHUHWDO0LFKDHOLV 
Aircraft Action.*UDGLHQWERRVWLQJUDQGRPIRUHVWDQGWKHEUDQFKGHFLVLRQWUHH
PRGHOVLQFOXGHGWKHWRSLFDLUFUDIWDFWLRQDVDQLPSRUWDQWYDULDEOHDVVRFLDWHGZLWKWKH
RFFXUUHQFHRIIXPHHYHQWV7KLVWRSLFFRQVLVWVRIWHUPVGHVFULELQJWKHPRYHPHQWRIWKH
DLUFUDIWVXFKDVFOLPEGHVFHQGOHYHODQGIRRW)RRWLVDSDUHQWWHUPDQGLQFOXGHV
OHPPDWL]HGYHUVLRQVRIWKHWHUPVXFKDVIHHWZKLFKLVDVVRFLDWHGZLWKDOWLWXGH




DVVLJQPHQWVRUFDOORXWV$LUFUDIWDFWLRQPD\EHDVVRFLDWHGZLWKWKHWRSLFSRZHUFKDQJHLQ
VRPHFLUFXPVWDQFHVDVWKHPRYHPHQWRIWKHDLUFUDIWPD\LQYROYHFKDQJHVLQSRZHU
VHWWLQJVVXFKDVDUHTXLUHPHQWIRULQFUHDVHGDLUFUDIWSHUIRUPDQFHWRFOLPEWRDKLJKHU
DOWLWXGHRUDGHFUHDVHLQSRZHUIRUGHVFHQW7KLVIDFWRULVVXSSRUWHGE\SUHYLRXVUHVHDUFK
DVDFKDQJHIURPDLUFUDIWVWHDG\VWDWHPD\EHUHODWHGWRFKDQJHVLQSRZHUVHWWLQJV GH
%RHUHWDO0LFKDHOLV 
Passenger Disruption.7KHWRSLFSDVVHQJHUGLVUXSWLRQZDVLQFOXGHGLQWKHOLVWRI
LPSRUWDQWYDULDEOHVIRUWKHJUDGLHQWERRVWLQJUDQGRPIRUHVWDQGORJLVWLFUHJUHVVLRQ
PRGHOV7KHWHUPVSDVVHQJHUQRVHVWDUWVKRUWDQGGHSODQHDUHFRQWDLQHGLQWKLVWRSLF
DQGSRWHQWLDOO\UHSUHVHQWGLVUXSWLRQDQGLQFRQYHQLHQFHWRSDVVHQJHUVHUYLFH)XPHHYHQWV
PD\RFFXUDWWKHEHJLQQLQJRIDIOLJKWZKLOHDWWKHJDWHGXULQJERDUGLQJGXULQJGHLFLQJ
SURFHGXUHVRUGXULQJWD[LZKHQWKHDLUFUDIW¶V$38LVEHLQJXVHGWRSRZHUWKHDLUFUDIW
0XUDZVNL 6XSSOHH2YHUIHOWHWDO6KHKDGLHWDO $GLVUXSWLRQLQ
SDVVHQJHUVHUYLFHPD\RFFXUDWDQ\WLPHLIWKHSDVVHQJHUVDUHUHTXLUHGWRGHSODQHWKH
IOLJKWLVGLYHUWHGRULIDQDLUWXUQEDFNLVFRQGXFWHG7KLVWRSLFPD\DOVRLQYROYH
SDVVHQJHUSHUFHSWLRQRIRGRUVRUIXPHVZLWKWKHWHUPQRVHLPSO\LQJDQREMHFWLRQDEOH
VHQVRU\RUSK\VLFDODZDUHQHVV
System Anomaly.7KHV\VWHPDQRPDO\WRSLFLQFOXGHGWKHWHUPVTXLFNUHIHUHQFH
KDQGERRNK\GUDXOLFV\VWHPHQJLQHLQGLFDWLQJDQGFUHZDOHUWLQJV\VWHP (,&$6 DQG
OLJKWSRWHQWLDOO\LQGLFDWLQJV\VWHPLUUHJXODULWLHV7KHVHDQRPDOLHVPD\LQYROYHK\GUDXOLF
IOXLGWKHK\GUDXOLFV\VWHPRURWKHUV\VWHPVDQGPD\LQFOXGHFUHZQRWLILFDWLRQE\D
ZDUQLQJOLJKWRUWKH(,&$67KH(,&$6SURYLGHVIOLJKWFUHZVZLWKLQVWUXPHQWDWLRQDQG
DQQXQFLDWLRQIRUHQJLQHVDQGRWKHULQWHJUDOV\VWHPVDQGDOVRSURYLGHVLQIRUPDWLRQIRUWKH




PDQDJHPHQWRIDEQRUPDORUHPHUJHQF\FRQGLWLRQV7KHVHDQRPDOLHVPD\ZDUUDQWWKHXVH
RIDTXLFNUHIHUHQFHKDQGERRNZKLFKLVDTXLFNDFFHVVPDQXDOFRQWDLQLQJSURFHGXUHV
DSSOLFDEOHGXULQJDEQRUPDORUHPHUJHQF\FRQGLWLRQVZKHQDQDLUFUDIWLVQRWHTXLSSHG
ZLWKDQ(,&$6RURWKHUHOHFWURQLFFHQWUDOL]HGDLUFUDIWPRQLWRULQJV\VWHP7KLVQHZO\
LGHQWLILHGWRSLFLQFRUSRUDWHVSUHYLRXVO\LGHQWLILHGFRPSRQHQWVDVVRFLDWHGZLWKIXPH
HYHQWVEXWLVDEURDGHUDQGPRUHPXOWLIDFHWHGIDFWRUZLWKWKHLQFOXVLRQRIWKHVHWRSLFV
Engine Issue.7KHWRSLFHQJLQHLVVXHZDVOLVWHGDVWKUHHRIWKHWRSPRGHOV¶
LPSRUWDQWIDFWRUVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWV7KHWRSLFLQFOXGHVWKH
WHUPVHQJLQHOHIWHQJLQHULJKWHQJLQHRLODQGVKXWVXJJHVWLQJHQJLQHRSHUDWLRQDO
GLIILFXOWLHVRUIDLOXUH7KHLQFOXVLRQRIRLOLQWKHWRSLFVXJJHVWVWKHDVVRFLDWLRQRIRLOZLWK
IXPHHYHQWVDQGLVVXSSRUWHGE\PXFKRIWKHSXEOLVKHGUHVHDUFKRQWKLVWRSLFLQFOXGLQJ
E\$QGHUVRQ  GH5HHHWDO  6KHKDGL-RQHVDQG+RVQL  6FKLQGOHU
 0XUDZVNLDQG6XSSOHH  DQG:LQGHUDQG%DORXHW  
Conclusions
7KLVH[SORUDWRU\PL[HGPHWKRGGHVLJQVWXG\XVHGXQVWUXFWXUHGWH[WXDOGDWDIURP
WKHQDUUDWLYHILHOGVLQUHSRUWVVXEPLWWHGWRWKH$656LQDWH[WPLQLQJSURFHVVWRH[SORUH
WHUPVDQGWRSLFVDQGLGHQWLI\QHZIDFWRUVDVVRFLDWHGZLWK8$4DQGIXPHHYHQWV7KHVH
IDFWRUVZHUHWKHQLQFOXGHGZLWKTXDQWLWDWLYHYDULDEOHVIURPWKH$656GDWDEDVHDQGXVHG
LQPDFKLQHOHDUQLQJDOJRULWKPVWRGHYHORSPRGHOVWRLGHQWLI\WKHLPSRUWDQWIDFWRUV
DVVRFLDWHGZLWKWKHRFFXUUHQFHRI8$4DQGIXPHHYHQWVDVUHSRUWHGE\IOLJKWFUHZVDQG
FDELQFUHZV7KHVHPRGHOVZHUHVXFFHVVIXOO\GHYHORSHGWUDLQHGYDOLGDWHGDQGWHVWHG
7KHILQGLQJVRIWKLVVWXG\FRQWULEXWHERWKWKHRUHWLFDOO\DQGSUDFWLFDOO\WRWKHERG\RI
NQRZOHGJHFRQFHUQLQJIXPHHYHQWVDQGDYLDWLRQVDIHW\




Theoretical Contributions

7KLVUHVHDUFKSURYLGHVWKHRUHWLFDOFRQWULEXWLRQVLQDGYDQFLQJWKHVWXG\RIIXPH
HYHQWVDQGWKHXVHRIWH[WDQGGDWDPLQLQJPHWKRGVWRLGHQWLI\IDFWRUVDVVRFLDWHGZLWK
WKHVHHYHQWV,WDGGUHVVHVJDSVLQWKHH[LVWLQJOLWHUDWXUHE\H[SORULQJWH[WXDOGDWDWR
LGHQWLI\WRSLFVDQGWHUPVDQGSRSXODWLQJPRGHOVZLWKYDULDEOHVGHULYHGIURPWKHVHWRSLFV
,PSRUWDQWIDFWRUVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWVZHUHH[SORUHGDQG
LGHQWLILHGWKURXJKWKHWH[WPLQLQJSURFHVVDQGWKHGDWDPLQLQJSURFHVVDQGYDOLGDWHG
XVLQJDOJRULWKPV,PSRUWDQWWRSLFVWKDWZHUHVXEVWDQWLDWHGLQFOXGHVHQVRU\SHUFHSWLRQ
V\VWHPDQRPDO\FDELQDIIHFWHGDLUFUDIWDFWLRQSDVVHQJHUGLVUXSWLRQSRZHUFKDQJHDQG
HQJLQHLVVXH7KHLPSRUWDQFHRIWKHIDFWRUVVHQVRU\SHUFHSWLRQSRZHUFKDQJHDLUFUDIW
DFWLRQDQGHQJLQHLVVXHZLWKIXPHHYHQWVZDVVXSSRUWHGDQGFRQILUPHGE\SUHYLRXV
UHVHDUFK7KHXVHRIWH[WPLQLQJWRLGHQWLI\WKHVHIDFWRUVIURPQDUUDWLYHVRIYROXQWDULO\
VXEPLWWHGUHSRUWVE\IOLJKWDQGFDELQFUHZVUHLQIRUFHVWKHYDOXHRIWKHVHIDFWRUVLQWKH
DZDUHQHVVUHFRJQLWLRQDQGPLWLJDWLRQRIIXPHHYHQWV7KHIDFWRUVV\VWHPDQRPDO\
FDELQDIIHFWHGDQGSDVVHQJHUGLVUXSWLRQZHUHLGHQWLILHGDVQHZIDFWRUVDQGVKRXOGEH
FRQVLGHUHGZKHQUHSRUWLQJDQGLQYHVWLJDWLQJWKHRFFXUUHQFHRIIXPHHYHQWVDQGLQWKH
HGXFDWLRQDQGWUDLQLQJRIFUHZPHPEHUV,QFUHDVHGDZDUHQHVVRIV\VWHPDQRPDOLHVWKDW
FRXOGDIIHFWWKHRFFXUUHQFHRIIXPHHYHQWVVKRXOGEHFRQVLGHUHGE\IOLJKWFUHZVZKHQ
WKHVHHYHQWVDULVH&RRUGLQDWHGHIIRUWVEHWZHHQIOLJKWDQGFDELQFUHZWRFRPPXQLFDWH
DPRQJVWWKHPVHOYHVDQGZLWKSDVVHQJHUVFRXOGHQDEOHHDUOLHUGHWHFWLRQDQGPLWLJDWLRQRI
IXPHHYHQWVWROHVVHQWKHLPSDFWRQQHJDWLYHKHDOWKDQGVDIHW\RXWFRPHVDQGUHGXFHWKH
OLNHOLKRRGRILQWHUUXSWLRQLQIOLJKWVFKHGXOHV




0RGHOVIRUWKHRFFXUUHQFHRI8$4DQGIXPHHYHQWVZHUHGHYHORSHGWUDLQHG
YDOLGDWHGDQGWHVWHGWRSURYLGHLQIRUPDWLRQRQIDFWRUVDVVRFLDWHGZLWKIXPHHYHQWVDQG
EDVHOLQHLQIRUPDWLRQWRDVVLVWLQWKHLGHQWLILFDWLRQRIWKLVUDUHHYHQWZLWKWKHSRWHQWLDOIRU
VHULRXVFRQVHTXHQFHV7KHWRSSHUIRUPLQJPRGHOVXVLQJJUDGLHQWERRVWLQJUDQGRP
IRUHVWORJLVWLFUHJUHVVLRQDQGEUDQFKGHFLVLRQWUHHDOJRULWKPVFDQEHXVHGWRSURYLGH
DFFXUDWHLQIRUPDWLRQUHJDUGLQJWKHLPSRUWDQFHRIIDFWRUVDVVRFLDWHGZLWKWKHRFFXUUHQFH
RIIXPHHYHQWV)LQGLQJVIURPWKLVVWXG\FDQEHXVHGDVDEDVHOLQHRIXQGHUVWDQGLQJ
SURSHUWLHVDVVRFLDWHGZLWKIXPHHYHQWV,QDGGLWLRQWKHVHPRGHOVFDQEHEXLOWXSRQDQG
IXUWKHUUHILQHGLQIXWXUHVWXGLHVWRLGHQWLI\DGGLWLRQDOWHUPVWRSLFVDQGGHWDLOVDVVRFLDWHG
ZLWKIXPHHYHQWRFFXUUHQFHDVUHSRUWVDUHDGGHGWRWKH$656GDWDEDVHDQGDGGLWLRQDO
VWXGLHVDUHFRQGXFWHG7KLVLQIRUPDWLRQFDQEHXVHGE\UHJXODWRUVDLUOLQHVRU
PDQXIDFWXUHUVWREHWWHUXQGHUVWDQGWKHFKDOOHQJHVLQWKHSUHGLFWLRQPLWLJDWLRQDQG
SUHYHQWLRQRIIXPHHYHQWV
7KLVUHVHDUFKSURYLGHVDVXFFHVVIXOGHPRQVWUDWLRQRIXVLQJWKHWH[WPLQLQJ
SURFHVVWRH[SORUHXQVWUXFWXUHGGDWDWKHLGHQWLILFDWLRQRILPSRUWDQWIDFWRUVDQGWKHXVH
RIWKRVHIDFWRUVDVYDULDEOHVLQDGDWDPLQLQJSURFHVVWRLGHQWLI\DOJRULWKPVWRLGHQWLI\
RWKHUHYHQWVFRQGLWLRQVRUEHKDYLRUVDIIHFWLQJVDIHW\7KLVSURFHVVPD\EHUHSOLFDWHGWR
H[SORUHWH[WXDOGDWDLGHQWLI\LPSRUWDQWIDFWRUVDQGGHYHORSPRGHOVWRLGHQWLI\RWKHU
IDFWRUVZKLFKPD\FRPSURPLVHVDIHW\LQDYLDWLRQRSHUDWLRQV
Practical Contributions

7KLVUHVHDUFKSURYLGHVWKH)$$DQGWKHDYLDWLRQLQGXVWU\ZLWKLPSRUWDQWIDFWRUV
DVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWVREWDLQHGIURPWKHH[SORUDWLRQRI$656
UHSRUWQDUUDWLYHVWKURXJKWH[WPLQLQJ$OWKRXJKWKHDYLDWLRQLQGXVWU\LVQRWH[SHFWHGWR




VXUSDVVWKHSUHSDQGHPLFQXPEHUVRIDLUOLQHWUDYHOHUVXQWLO ,$7$ ,$7$
VXJJHVWVSUHVHQWWUHQGVLQSDVVHQJHUQXPEHUVIRUJOREDODLUWUDQVSRUWDWLRQFRXOGGRXEOHWR
ELOOLRQLQ ,$7$E 7KHLQFUHDVHLQIOLJKWRSHUDWLRQVPD\LQFUHDVHWKH
SRWHQWLDOIRUWKHRFFXUUHQFHRIIXPHHYHQWVZLWKDGGLWLRQDOFUHZPHPEHUVDQGSDVVHQJHUV
DWULVNRIH[SRVXUHWRKD]DUGRXVFRPSRXQGVRUXQFHUWDLQIOLJKWRXWFRPHVLIIOLJKWFUHZV
DUHLPSDLUHGRULQFDSDFLWDWHG)LQGLQJVIURPWKLVUHVHDUFKDQGWKHLGHQWLILFDWLRQRI
LPSRUWDQWIDFWRUVDVVRFLDWHGZLWKIXPHHYHQWVFDQEHXVHGE\WKH)$$DQGLQGXVWU\WR
EHWWHUXQGHUVWDQGIXPHHYHQWVDVVHVVVDIHW\ULVNPDQDJHPHQWSURJUDPVDQGSROLFLHVDQG
GHYHORSDSSURSULDWHLQWHUYHQWLRQVWUDWHJLHVWRPLWLJDWHWKHRFFXUUHQFHRIIXPHHYHQWV
)LQGLQJVIURPWKLVVWXG\PD\EHXVHGE\WKH)$$DVDUDWLRQDOHWRVXSSRUWWKH
HVWDEOLVKPHQWRIDGHGLFDWHGUHSRUWLQJV\VWHPIRUVXUYHLOODQFHDQGLQYHVWLJDWLRQRI8$4
DQGIXPHHYHQWV,QIRUPDWLRQRQIDFWRUVDVVRFLDWHGZLWKIXPHHYHQWVFROOHFWHGIURP
IOLJKWDQGFDELQFUHZVPDLQWHQDQFHWHFKQLFLDQVLQVSHFWRUVGLVSDWFKHUVDQGRWKHUVFDQ
EHFROOHFWHGGHLGHQWLILHGDJJUHJDWHGDQGVKDUHGDPRQJVWDLUOLQHVWRDGYDQFHWKH
FROOHFWLYHNQRZOHGJHDZDUHQHVVDQGSUHYHQWLRQRIIXPHHYHQWVIRURSWLPL]DWLRQRI
DYLDWLRQVDIHW\
$LUOLQHVDQGODERUXQLRQVFDQXVHWKHUHVXOWVRIWKLVVWXG\WRLQFUHDVHDZDUHQHVVRI
IXPHHYHQWRFFXUUHQFHEHWWHUSUHSDUHFUHZVIRUPLWLJDWLRQRIHYHQWVDQGKLJKOLJKWWKH
QHFHVVLW\RIGHYHORSLQJDVXUYHLOODQFHV\VWHPIRUWUDFNLQJWKHVHHYHQWV8VLQJWKHPRVW
LPSRUWDQWIDFWRUVDVVRFLDWHGZLWKIXPHHYHQWVVDIHW\PDQDJHUVFDQGHYHORSWUDLQLQJIRU
IOLJKWDQGFDELQFUHZVZLWKOLNHO\VFHQDULRVWRLPSURYHDZDUHQHVVUHFRJQLWLRQDQG
DSSURSULDWHUHVSRQVHWRIXPHHYHQWV(GXFDWLRQRIIOLJKWDQGFDELQFUHZVWRUDLVH
DZDUHQHVVRIIDFWRUVDVVRFLDWHGZLWKIXPHHYHQWVFDQDVVLVWWKHPLQPLWLJDWLRQRIHYHQWV




DQGKLJKOLJKWWKHQHFHVVLW\RISURYLGLQJGHWDLOHGUHSRUWVZKHQUHSRUWLQJWKHVHHYHQWVWR
WKH$6566'5V\VWHPDQGDQ\LQWHUQDOFRPSDQ\VDIHW\UHSRUWLQJV\VWHPVUHTXLUHGE\
WKHFRPSDQ\¶VVDIHW\PDQDJHPHQWV\VWHP%\LGHQWLI\LQJWKHPRVWLPSRUWDQWIDFWRUV
DVVRFLDWHGVSHFLILFDOO\ZLWKIXPHHYHQWVVDIHW\PDQDJHUVFDQZRUNZLWKWUDLQLQJ
GHSDUWPHQWVWRGHYHORSWUDLQLQJIRUIOLJKWDQGFDELQFUHZVZLWKUHDOLVWLFVFHQDULRVWR
LPSURYHDZDUHQHVVUHFRJQLWLRQDQGKDQGOLQJRIHPHUJHQF\SURFHGXUHVIRUWKH
RFFXUUHQFHRIIXPHHYHQWV3URIHVVLRQDOSLORWLQJSURJUDPVDQGIOLJKWVFKRROVFDQ
LQFRUSRUDWHIXPHHYHQWDZDUHQHVVDVDQHGXFDWLRQDOFRPSRQHQWRIOHVVRQVLQIOLJKW
SK\VLRORJ\SLORWKHDOWKULVNDVVHVVPHQWDQGVDIHW\PDQDJHPHQWV\VWHPV5HFRJQLWLRQRI
LPSRUWDQWIDFWRUVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWVDPRQJQHZSLORWVFDQ
OHDGWRKHDOWKDQGVDIHW\LPSURYHPHQWVIRULQGLYLGXDOVDQGWKHLQGXVWU\RYHUDOO
)LQGLQJVIURPWKLVUHVHDUFKPD\EHXVHIXOWRDLUOLQHVDIHW\SHUVRQQHO6DIHW\
PDQDJHPHQWVWDIIZRUNLQJZLWKDLUFDUULHUVFRXOGXVHLQWHUQDOVDIHW\UHSRUWVWRFUHDWH
VLPLODUGDWDVHWVWRWKRVHDYDLODEOHWKURXJKWKH$656DQGXVHRQHRIWKHWRSSHUIRUPLQJ
DOJRULWKPVWRFRQILUPRULGHQWLI\DGGLWLRQDOIDFWRUVDVVRFLDWHGZLWKIXPHHYHQWVLQWKHLU
RSHUDWLRQV$GGLQJGHWDLOHGLQIRUPDWLRQWRWKHGDWDVHWVXFKDVDLUFUDIWUHJLVWUDWLRQ
QXPEHUVRUVHULDOQXPEHUVHQJLQHSRZHUVHWWLQJVWLPHDQGW\SHRIHQJLQHPDLQWHQDQFH
SHUIRUPHGRUILQGLQJVIURPPDLQWHQDQFHLQVSHFWLRQVFRXOGSRWHQWLDOO\LGHQWLI\DGGLWLRQDO
IDFWRUVVSHFLILFWRWKHDLUOLQHV¶RSHUDWLRQV
:LWKWKHUDUHRFFXUUHQFHRIIXPHHYHQWVPRQLWRULQJRIDLUTXDOLW\GXULQJIOLJKWV
KDVEHHQOLPLWHGLQWKHVXFFHVVIXOPHDVXUHPHQWRIGHWHFWDEOHOHYHOVRIKD]DUGRXV
FRPSRXQGV &UXPSHWDODDQGE'D\+RXW]DJHUHWDO1,26+
 5HVHDUFKHUVDQGLQYHVWLJDWRUVFRXOGXVHILQGLQJVIURPWKLVVWXG\WRKHOSWDUJHW




WLPHVWRFROOHFWVDPSOHVIRUPRQLWRULQJDLUTXDOLW\RUWDUJHWIOLJKWVIRUFROOHFWLQJZLSH
VDPSOHVIURPVXUIDFHV,GHQWLILFDWLRQDQGTXDQWLILFDWLRQRIDQ\KD]DUGRXVFRPSRXQGV
PD\EHXVHIXOLQWKHGHYHORSPHQWRIPLWLJDWLRQVWUDWHJLHVVXFKDVILOWHUV\VWHPVRUWKH
PHGLFDOWUHDWPHQWRIH[SRVHGSHUVRQV
Limitations of the Findings

7KHVWXG\XVHGDUFKLYDOGDWDIRUWKHH[SORUDWLRQRIWHUPVDQGWRSLFVDQGWKH
GHYHORSPHQWWUDLQLQJYDOLGDWLRQDQGWHVWLQJRIWKHPRGHOVDQGLVWKXVERXQGE\
OLPLWDWLRQVRIWKHGDWD7KHVWDQGDUGL]HGIRUPVIRUUHSRUWLQJDUHGHVLJQHGWRFROOHFW
LQIRUPDWLRQDSSOLFDEOHWRVDIHW\FRQFHUQVHYHQWVLQFLGHQWVDQGDFFLGHQWV$VVXFKWKH\
FRQWDLQPDQ\ILHOGVQRWUHOHYDQWWRLQYHVWLJDWLQJRULGHQWLI\LQJIDFWRUVDVVRFLDWHGZLWK
IXPHHYHQWV7KHUHVXOWLVDVXEVWDQWLDOQXPEHURIHPSW\YDULDEOHILHOGVDQGPLVVLQJGDWD
DQGYDULDEOHVZKLFKGRQRWFRQWULEXWHLQIRUPDWLRQWRWKHDUHDRILQWHUHVW,QDGGLWLRQWKH
SULPDU\LQFHQWLYHIRUVXEPLWWLQJUHSRUWVPD\LQFOXGHWKHSUHYHQWLRQRIHQIRUFHPHQW
DFWLRQWKXVDSRWHQWLDOYLRODWLRQRIUHJXODWLRQVSROLFLHVSURFHGXUHVRULQVWUXFWLRQVIURP
$7&DUHWKHWRSLFRIPDQ\UHSRUWVDQGWKHPRWLYDWLRQIRUUHSRUWLQJ6HYHUDOYDULDEOHV
ZKLFKZHUHLUUHOHYDQWWRWKRVHUHSRUWVEXWSRWHQWLDOO\UHOHYDQWIRUH[SORULQJIDFWRUV
DVVRFLDWHGZLWK8$4DQGIXPHHYHQWVZHUHQRWDYDLODEOHIRUXVHLQWUDLQLQJYDOLGDWLQJ
RUWHVWLQJWKHPRGHOVGXHWRWKHDPRXQWRIPLVVLQJGDWDVXFKDVWKRVHIRUDOWLWXGHDQG
DLUFUDIWFRPSRQHQWLQYROYHG
8$4RUIXPHHYHQWVQRWUHSRUWHGWR$656ZHUHQRWLQFOXGHGLQWKHGDWDEDVH
&UHZVXQDEOHWRUHFRJQL]HGHVFULEHRULGHQWLI\WKHRFFXUUHQFHRID8$4RUIXPHHYHQW
PD\QRWVXEPLWUHSRUWV,QFLGHQWVLQYROYLQJREYLRXVDQRPDOLHVVXFKDVVWURQJRU
GLVWLQFWLYHRGRUVRUVPRNHPD\EHPRUHOLNHO\WRHOLFLWUHSRUWVDQGPD\KDYHLQIOXHQFHG




WKHUDQNLQJRIWKHPRVWLPSRUWDQWYDULDEOHLGHQWLILHGVHQVRU\SHUFHSWLRQ$OOUHSRUWV
VXEPLWWHGWRWKH$656UHJDUGLQJ8$4DQGIXPHHYHQWVPD\QRWEHLQFOXGHGLQWKH
GDWDEDVHDQGWKHUHIRUHZHUHQRWDEOHWRFRQWULEXWHWRWKHH[SORUDWLRQRIWHUPVDQGWRSLFV
DVVRFLDWHGZLWK8$4DQGIXPHHYHQWV7KHPRGHOVLQWKLVVWXG\ZHUHRQO\DEOHWR
LGHQWLI\8$4DQGIXPHHYHQWVWKDWZHUHUHFRJQL]HGDQGUHSRUWHG
7KHXQVWUXFWXUHGQDUUDWLYHILHOGVSURYLGHDQRSSRUWXQLW\WRGHVFULEHHYHQWVLQ
JUHDWRUOLWWOHGHWDLODQGWKHGLVSDULW\LQUHSRUWHGGHWDLOVZDVQRWHG6RPHUHSRUWHUV
H[KLELWHGLQGHSWKNQRZOHGJHRIIXPHHYHQWVLQWKHLUUHSRUWVZKLOHRWKHUVSURYLGHG
PLQLPDOGHVFULSWLYHLQIRUPDWLRQDERXWWKHHYHQW1DUUDWLYHILHOGVFRQWDLQHGDVIHZDVWZR
ZRUGVµIXPHHYHQW¶RUFRXOGFRQWDLQH[WHQVLYHGHVFULSWLRQVRIFLUFXPVWDQFHVOHDGLQJXS
WRDQHYHQWGLVFXVVLRQDPRQJIOLJKWDQGFDELQFUHZDFWLRQWDNHQV\PSWRPV
H[SHULHQFHGDQGUHSRUWHUUHFRPPHQGDWLRQVIRUWKHDLUOLQH¶VPDQDJHPHQW
/DVWO\GHWDLOVPLVVLQJIURPWKH$656GDWDVHWQHHGWREHVXSSOHPHQWHGE\
DLUOLQHVPDQXIDFWXUHUVRUPDQDJHUVRIDIXPHHYHQWVXUYHLOODQFHV\VWHPWRLQFUHDVHWKH
YDOXHRIWKHPRGHOLQJ)RUH[DPSOHDJUHDWQXPEHURIDLUFUDIWZHUHOLVWHGZLWKJHQHULF
GHVFULSWLRQVVXFKDVZLGHERG\WUDQVSRUWPHGLXPODUJHWUDQVSRUWOLJKWWUDQVSRUWRUVPDOO
WUDQVSRUWORZZLQJWXUERMHWHQJLQHV:KLOHWKHPDNHDQGPRGHORIWKHDLUFUDIWPD\QRW
EHHVVHQWLDOLQIRUPDWLRQIRUVRPHUHSRUWHGHYHQWVWKHODFNRIGHWDLOOLPLWVWKHWH[WPLQLQJ
SURFHVVLQWKHLGHQWLILFDWLRQRILPSRUWDQWIDFWRUVLQWKHRFFXUUHQFHRIIXPHHYHQWV7KH
DELOLW\RIWKHPRGHOVWRGHWHUPLQHHYHQWVDQGQRQHYHQWVLVFRQVWUDLQHGE\DODFNRI
GHWDLOHVSHFLDOO\ZLWKOLPLWHGUHSRUWVIRU8$4DQGIXPHHYHQWV7KHGHYHORSPHQWRID
VXUYHLOODQFHV\VWHPVSHFLILFDOO\IRUUHSRUWLQJDQGWUDFNLQJIXPHHYHQWVFRXOGSURYLGHD




VWDQGDUGL]HGPHFKDQLVPIRUUHSRUWLQJHYHQWVDQGLQFOXGHDWDLORUHGIRUPDWIRUFROOHFWLQJ
LQIRUPDWLRQXVHIXOLQH[SORULQJUHOHYDQWGDWDDQGEXLOGLQJDSSURSULDWHPRGHOV
Recommendations
5HFRPPHQGDWLRQVIRFXVRQIXUWKHULQJWKHILQGLQJVIURPWKLVUHVHDUFKWRREWDLQ
GDWDRIEHWWHUTXDOLW\DQGLQFUHDVHGTXDQWLW\DQGWKHFRQWLQXHGXVHRIWKHWH[WPLQLQJ
SURFHVVWRLQIRUPWKHGDWDPLQLQJSURFHVVDQGGHYHORSPHQWRIPRGHOV([SDQVLRQRIWKLV
UHVHDUFKFDQHQKDQFHWKHERG\RIVFLHQWLILFNQRZOHGJHDQGLPSURYHDYLDWLRQVDIHW\
Recommendations to Industry
)LQGLQJVIURPWKLVUHVHDUFKDGGUHVVDQGKLJKOLJKWDQHHGIRUDGGLWLRQDO
LQIRUPDWLRQUHJDUGLQJ8$4DQGIXPHHYHQWVERWKLQTXDQWLW\DQGTXDOLW\RIGDWD7KH
UHFRPPHQGDWLRQVWRLQGXVWU\DGGUHVVDFWLRQVE\UHJXODWRUVDLUOLQHVODERURUJDQL]DWLRQV
DQGVDIHW\SURIHVVLRQDOVWKDWFRXOGEHWDNHQWRLPSURYHWKHNQRZOHGJHEDVHDQGOLPLW
JDSVLQIXPHHYHQWUHVHDUFKDQGLPSURYHDYLDWLRQVDIHW\IRUFUHZVDQGSDVVHQJHUV
Recommendation 1. (VWDEOLVKDGDWDEDVHIRUUHSRUWLQJDOO8$4DQGIXPHHYHQWV
DVSDUWRIDQDWLRQDOVXUYHLOODQFHV\VWHPWRWUDFNWKHVHHYHQWVDQGWKHLURXWFRPHV7KHUH
DUHFXUUHQWO\QRLQGXVWU\ZLGHPDQGDWRU\UHSRUWLQJUHTXLUHPHQWVIRUWKHRFFXUUHQFHRI
IXPHHYHQWVRUSRWHQWLDOH[SRVXUHWRKD]DUGRXVFRPSRXQGVGXULQJWKHVHHYHQWV3XEOLF
/DZ  PDQGDWHGWKH)$$WRGHYHORSDV\VWHPDWLFUHSRUWLQJVWDQGDUGIRU
FRQWDPLQDWHGEOHHGDLUHYHQWVKRZHYHUWKLVGLUHFWLYHKDVQRWFRPHWRIUXLWLRQ
7KH$656FRQWDLQVDSOHWKRUDRILQIRUPDWLRQUHODWHGWRVDIHW\DQGWKHH[SHUWLVHRI
WKHDQDO\VWVDQGWKHLUFRQVLVWHQF\LQFRGLQJSURYLGHVDULFKRSSRUWXQLW\IRUH[SORUDWRU\
UHVHDUFK+RZHYHUFHUWDLQDVSHFWVSUHFOXGHH[WHQVLYHXVHRIWKHGDWDIRUVHYHUDO
DSSOLFDWLRQV7KHGHLGHQWLILFDWLRQRIYDULDEOHVLQ$656OLPLWVWKHDELOLW\WRDGGGHWDLOWR




WKHPRGHOVVXFKDVPDNHRUPRGHORIDLUFUDIWDQGWKHQDWXUHRIYROXQWDU\UHSRUWLQJ
DOORZVIRUYDVWGLVSDULW\LQGHWDLOVFRQWDLQHGLQWKHQDUUDWLYHILHOGV7HVWVIRUPHGLFDO
HYDOXDWLRQDQGGLDJQRVLVIROORZLQJH[SRVXUHGXULQJIXPHHYHQWVDUHQRWVWDQGDUGL]HG
DQGWUHDWPHQWDQGIROORZXSDUHJHQHUDOO\QRWLQFOXGHGLQUHSRUWV$VXUYHLOODQFHV\VWHP
LQFOXGLQJWKHVHILHOGVFRXOGFRQWULEXWHWRWKHERG\RINQRZOHGJHDQGDLGLQFDUHIRUFUHZ
PHPEHUVDQGSDVVHQJHUVZKRPD\KDYHEHHQDFXWHO\RUFKURQLFDOO\H[SRVHGWRKD]DUGRXV
FRPSRXQGV
$LUOLQHVPD\DOUHDG\WUDFNIXPHHYHQWRFFXUUHQFHZLWKLQWKHLURUJDQL]DWLRQVDV
SDUWRIDQ606RU$6$3$GDWDEDVHGHYHORSHGDQGPDQDJHGE\DQRQJRYHUQPHQWDO
WKLUGSDUW\IRUWKHVROHSXUSRVHRIWUDFNLQJIXPHHYHQWVRQDQDWLRQDOOHYHOXVLQJJXLGDQFH
SURYLGHGE\,&$2  FRXOGIRFXVRQFROOHFWLQJFULWLFDOLQIRUPDWLRQIRUSUHYHQWLQJ
WKHVHHYHQWVDQGSURYLGHGHWDLOVQRWDYDLODEOHLQWKH$656GDWDEDVH7KHLPSRUWDQW
IDFWRUVLGHQWLILHGLQWKLVVWXG\FRXOGEHXVHGWRHQKDQFHWKHTXHVWLRQQDLUHFRQWHQWWR
HQVXUHDGHTXDWHGDWDLVREWDLQHGIRUVXFFHVVIXOXVHRIWKHGDWDEDVHLQIXWXUH8$4DQG
IXPHHYHQWUHVHDUFK 
Recommendation 2. ,QFUHDVHGDWWHQWLRQVKRXOGEHJLYHQWRWKHLQIUHTXHQWEXW
SRWHQWLDOO\VHULRXVFRQVHTXHQFHVRIIXPHHYHQWVLQFOXGLQJWUDLQLQJDQGHGXFDWLRQWR
LQFUHDVHFUHZPHPEHUV¶DZDUHQHVVDQGUHFRJQLWLRQRI8$4DQGIXPHHYHQWV)ROORZLQJ
JXLGHOLQHVIRUHGXFDWLRQWUDLQLQJDQGUHSRUWLQJIRUIXPHHYHQWVDVHVWDEOLVKHGE\,&$2
 FDQPLQLPL]HDZDUHQHVVDQGUHVSRQVHWLPHHQVXUHDSSURSULDWHDFWLRQVDUHWDNHQ
DQGSURYLGHGRFXPHQWDWLRQIRUWKHRFFXUUHQFHRIIXPHHYHQWV.QRZOHGJHRIWKH
VHULRXVQHVVRIDFXWHDQGFKURQLFH[SRVXUHWRKD]DUGRXVFRPSRXQGVDQGUHFRJQLWLRQRI
WKHSUHFXUVRUVRIIXPHHYHQWVPD\IDFLOLWDWHDSSURSULDWHUHVSRQVHE\FUHZVDQGWKH




GHYHORSPHQWRISUXGHQWSROLFLHVDQGSURFHGXUHVE\DLUOLQHPDQDJHPHQW(QKDQFHG
DZDUHQHVVRI8$4DQGIXPHHYHQWVPD\LQFUHDVHWKHPDUJLQRIVDIHW\LIIXPHHYHQWVDUH
UHFRJQL]HGDQGPLWLJDWHGRUHPHUJHQF\DFWLRQLVWDNHQTXLFNO\FUHZVDUHWUDLQHGLQ
DZDUHQHVVRILPSRUWDQWIDFWRUVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIIXPHHYHQWVDQG
DSSURSULDWHUHDFWLRQVWRLQGLFDWLRQVRIIXPHHYHQWVDQGFDELQDQGIOLJKWFUHZVDUH
FRRUGLQDWHGLQWKHLUUHVSRQVH)OLJKWDQGFDELQFUHZPHPEHUVDUHDOVROHVVOLNHO\WRUHSRUW
IXPHHYHQWVLIWKH\GRQ¶WUHFRJQL]HWKHPGRQRWSHUFHLYHWKHPDVDEQRUPDOHYHQWVRUGR
QRWDVVRFLDWHWKHPZLWKSRWHQWLDOH[SRVXUHWRKD]DUGRXVFRPSRXQGV([SDQGLQJWKH
HGXFDWLRQHOHPHQWWRVWXGHQWVLQSURIHVVLRQDOSLORWLQJSURJUDPVDQGIOLJKWVFKRROVFRXOG
IRVWHUUHFRJQLWLRQRIDVVRFLDWHGIDFWRUVIRVWHUHDUO\UHFRJQLWLRQDQGPLWLJDWLRQRIIXPH
HYHQWVDQGDOORZIRUWKHDXJPHQWDWLRQRIUHSRUWLQJV\VWHPVZKHQDQGLIWKHQHZSLORWV
H[SHULHQFHIXPHHYHQWVLQWKHLUMREV7KLVUHFRPPHQGDWLRQLVVXSSRUWHGE\WKH)$$
5HDXWKRUL]DWLRQ$FWRIZKHUHE\WKH)$$LVFRQGXFWLQJDOLWHUDWXUHUHYLHZDQG
FRQVXOWLQJZLWKVWDNHKROGHUVWRGHYHORSHGXFDWLRQDOPDWHULDOVWRHGXFDWHFUHZVLQWKH
UHVSRQVHWRVPRNHRUIXPHLQFLGHQWVRQERDUGDLUFUDIW )$$E 
Recommendations for Future Research
Recommendation 3. 7KHIRUHPRVWFRQWULEXWLRQRIWKLVUHVHDUFKZDVWKH
LGHQWLILFDWLRQRILPSRUWDQWWRSLFVWKURXJKWKHXVHRIWH[WPLQLQJLQWH[WILHOGVRI
QDUUDWLYHVFRQWDLQHGLQYROXQWDU\UHSRUWV)XWXUHUHVHDUFKVKRXOGEXLOGXSRQWKHVH
ILQGLQJVDQGFRQWLQXHWRUHILQHWKHSURFHVVXVLQJQHZGDWDGLIIHUHQWGDWDVHWVDQG
GLIIHUHQWDOJRULWKPVWRPRUHIXOO\GHILQHXQGHUVWDQGDQGSUHGLFWWKHRFFXUUHQFHRIIXPH
HYHQWV7KH$656GDWDEDVHVKRXOGEHH[SORUHGSHULRGLFDOO\WRLQFOXGHDGGLWLRQDO\HDUVRI
UHSRUWVDVLQIRUPDWLRQUHJDUGLQJIXPHHYHQWDZDUHQHVVDQGUHFRJQLWLRQEHFRPHPRUH




ZLGHVSUHDGWKHOLNHOLKRRGH[LVWVIRUUHSRUWVRIIXPHHYHQWVWRLQFUHDVH:LWKWKH
RFFXUUHQFHDQGUHSRUWLQJRIDGGLWLRQDOHYHQWVQDUUDWLYHVPD\FRQWDLQJUHDWHUGHWDLO
UHJDUGLQJWKHHYHQWVDQGPRUHQXDQFHGIHDWXUHVRIIXPHHYHQWVPD\EHFRPHDSSDUHQW
7KHLQFUHDVHGQXPEHUVRIUHSRUWVRI8$4DQGIXPHHYHQWVDVDJUHDWHUSHUFHQWDJHRIWKH
WRWDOUHSRUWVPD\HQKDQFHFDSDELOLWLHVWREHWWHUWUDLQWKHPRGHOV7KHLQFOXVLRQRI
DGGLWLRQDO8$4DQGIXPHHYHQWVDQGGHWDLOVUHJDUGLQJWKHLUFLUFXPVWDQFHVPD\LPSURYH
WKHPRGHOV¶VHQVLWLYLW\DQGDOORZWKHGHYHORSPHQWRIPRGHOVZLWKDQDELOLW\WRFRUUHFWO\
SUHGLFWD8$4RUIXPHHYHQW
)XUWKHUH[SORUDWLRQRILPSRUWDQWIDFWRUVDVVRFLDWHGZLWK8$4PD\EHHQKDQFHG
E\IXUWKHUGLVWLQJXLVKLQJWKHVRXUFHDQGFRQGXFWLQJIRFXVHGWH[WPLQLQJDQGGHYHORSLQJ
PRGHOVEDVHGRQWKHGLIIHUHQWVRXUFHV0RGHOV¶VHQVLWLYLW\YDOXHVPD\EHLPSURYHGE\
FRQVLGHULQJFDXVHVRI8$4VXFKDVVPRNHILUHDQGRGRUVVHSDUDWHO\,QDGGLWLRQ
GLVWLQJXLVKLQJYDULRXVVRXUFHVRI8$4VXFKDVSDVVHQJHUFDXVHGDLUFUDIWUHODWHGJDOOH\
EDVHGFRPSRQHQWIDLOXUHOLWKLXPEDWWHU\ILUHHWFFRXOGDOORZIRUDPRUHGHWDLOHG
DQDO\VLVRILQGLYLGXDOYDULDEOHV$SSURSULDWHFRGLQJRIVSHFLILFVRXUFHVRI8$4PD\
DVVLVWLQFRUUHFWO\LGHQWLI\LQJWKHWUXHSRVLWLYHVDQGWKHIDOVHQHJDWLYHVDQGFRXOGLPSURYH
WKHOHYHORIGHWDLOFRQWDLQHGLQWKHWH[WPLQLQJWRSLFVDQGHQKDQFHWKHDELOLW\RIWKH
PRGHOVWRLGHQWLI\LPSRUWDQWWRSLFV
&RQGXFWLQJDVLPLODUSURFHVVRIWH[WPLQLQJWRH[SORUHLPSRUWDQWWRSLFVGDWD
PLQLQJDQGSUHGLFWLYHPRGHOLQJFRXOGEHDSSOLHGWRQHZGDWDVHWVWRSURYLGHQHZ
SHUVSHFWLYHVRQWKHFRQGLWLRQVHYHQWVDQGEHKDYLRUVDVVRFLDWHGZLWKWKHRFFXUUHQFHRI
IXPHHYHQWV)RUH[DPSOHWKH6HUYLFH'LIILFXOW\5HSRUWGDWDEDVHFRQWDLQVUHSRUWV
VXEPLWWHGE\DLUOLQHVRSHUDWRUVPDLQWHQDQFHWHFKQLFLDQVRUFHUWLILFDWHGUHSDLUVWDWLRQ




SHUVRQQHODIWHUWKHGLVFRYHU\RIDVHULRXVIDLOXUHPDOIXQFWLRQRUGHIHFWRIFRPSRQHQWV
DUWLFOHVRUHTXLSPHQW([SORULQJWKLVGDWDEDVHIRULPSRUWDQWIDFWRUVZLWKDIRFXVRQ
PDLQWHQDQFHFRXOGSURGXFHDQHQWLUHO\GLIIHUHQWFROOHFWLRQRIWRSLFVDQGWHUPVDVVRFLDWHG
ZLWK8$4DQGIXPHHYHQWV$PDLQWHQDQFHSHUVSHFWLYHLQWKHGHYHORSPHQWRIDOJRULWKPV
DQGPRGHOVIRUIXPHHYHQWVFRXOG\LHOGYHU\GLIIHUHQWLPSRUWDQWIDFWRUVOHDGLQJWR
GLVWLQFWPLWLJDWLRQDQGSUHYHQWLRQVWUDWHJLHV
$PRUHUREXVWFKDPSLRQPRGHOZLWKLQFUHDVHGLQVLJKWLQWRLPSRUWDQWIDFWRUV
DVVRFLDWHGZLWKIXPHHYHQWVFRXOGEHGHYHORSHGXVLQJDK\EULGDSSURDFK8VLQJILQGLQJV
SURGXFHGIURPWH[WPLQLQJWRH[SORUHRQHGDWDVRXUFHDQGDSSO\LQJWKHPWRDGLIIHUHQW
GDWDVHWIRUGDWDPLQLQJDQGGHYHORSPHQWRIDSSURSULDWHPRGHOVFRXOG\LHOGDPRGHO
JHQHUDOL]DEOHWRERWKGDWDVHWVE\LQFRUSRUDWLQJDODUJHUYDULHW\RIYDULDEOHVWKDQIRXQGLQ
RQHGDWDVHW7KLVK\EULGDSSURDFKFRXOGDOVREHDGDSWHGDQGWKHJHQHUDOL]DELOLW\RIWKH
WH[WPLQLQJDQGGDWDPLQLQJSURFHVVHVFRXOGEHLQYHVWLJDWHGZLWKLQIRUPDWLRQVKDULQJ
EHWZHHQDLUOLQHVRUDYLDWLRQRUJDQL]DWLRQVVXFKDVWKH$LU/LQH3LORWV$VVRFLDWLRQ,&$2
WKH$VVRFLDWLRQRI$VLD3DFLILF$LUOLQHVRUWKH$UDE$LU&DUULHUV$VVRFLDWLRQ
Recommendation 4. 7KHWZRVWHSSURFHVVRIWH[WPLQLQJDQGGDWDPLQLQJLQD
PL[HGPHWKRGGHVLJQVKRXOGEHDSSOLHGWRUHVHDUFKLQRWKHUDUHDVRIDYLDWLRQVDIHW\WR
H[SORUHDQGLGHQWLI\LPSRUWDQWIDFWRUVDVVRFLDWHGZLWKHYHQWVFRQGLWLRQVEHKDYLRUV
DFFLGHQWVRULQMXULHV7KLVPHWKRGLVZHOOVXLWHGWRDGGUHVVLQJRFFXSDWLRQDOVDIHW\DQG
KHDOWKLVVXHVZKHQGDWDDUHQRWDYDLODEOHWRGHVFULEHLQMXULHVRULOOQHVVDQGGHQRPLQDWRU
GDWDLVQRWDYDLODEOHWRGHWHUPLQHUDWHVRUDGGUHVVULVN7KHDSSURDFKXVHGLQWKLVVWXG\LV
JHQHUDOL]DEOHWRRWKHULQGXVWULHVZLWKUHSRUWVFRQWDLQLQJWH[WXDOGHVFULSWLRQVRIWKHDUHDRI
LQWHUHVW&RPSDQLHVZLWKLQWHUQDOUHSRUWLQJV\VWHPVIRUVDIHW\FRQFHUQVRUSRWHQWLDOVDIHW\




YLRODWLRQVPD\KDYHYDOXDEOHGDWDEDVHVIRUWH[WPLQLQJDQGPRGHOLQJDVHPSOR\HHUHSRUWV
SURYLGHGHVFULSWLRQVZLWKILUVWKDQGNQRZOHGJHDQGH[SHULHQFH6HFRQGDU\GDWDIURP
)$$¶V6'5GDWDEDVHWKH)$$¶V$FFLGHQWDQG,QFLGHQW5HSRUWLQJ6\VWHPWKH)$$¶V
1HDU0LG$LU&ROOLVLRQGDWDEDVHWKH176%$YLDWLRQ$FFLGHQW'DWDEDVHDQGWKH$656
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Appendix C
7DEOHV
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7H[W3DUVLQJ1RGH5HVXOWV±7RS7HUPV5ROHV$WWULEXWHV)UHTXHQFLHV



6WDWXVDQG5DQNV

&

7H[W)LOWHU1RGH5HVXOWV±7RS7HUPV:HLJKWVDQG)UHTXHQFLHV

&

/LVWRI9DULDEOHVIURP$656DQG7H[W0LQLQJ









Table C1
Type of Aircraft as Provided in ASRS Reports
7\SH$LUFUDIW
$LUEXV
$
$
$
$
$
$8QGLIIHUHQWLDWHG
RU2WKHU0RGHO

1XPEHU









$HUHLGD7UDVSRUWR5HJLRQDOH $75 
%RHLQJ






8QGLIIHUHQWLDWHGRU2WKHU0RGHO












%RPEDUGLHU&DQDGDLU
5HJLRQDO-HW
&/8QGLIIHUHQWLDWHGRU2WKHU





&HVVQD±PXOWLSOHPRGHOVSLVWRQWXUERSURSDQGMHW
HQJLQHDLUFUDIW




'H+DYLOODQG%RPEDUGLHU
'DVK
4





(PEUDHU
5HJLRQDO-HW
8QGLIIHUHQWLDWHGRU2WKHU0RGHO





0F'RQQHOO'RXJODV
'&
0'
0'6HULHV
8QGLIIHUHQWLDWHGRU2WKHU0RGHO







6DDE





1R0RGHORU0DQXIDFWXUHU6SHFLILHG
&RPPHUFLDO)L[HG:LQJ
/LJKW7UDQVSRUW
6PDOO7UDQVSRUW
0HGLXP7UDQVSRUW
0HGLXP/DUJH7UDQVSRUW
/DUJH7UDQVSRUW
+HDY\7UDQVSRUW
:LGHERG\














:LGHERG\7UDQVSRUW



$LUFUDIWW\SHOLVWHGLQUHSRUWV



2WKHU8QNQRZQRU8QOLVWHG

$LUFUDIWLQIRUPDWLRQPLVVLQJ

1RDLUFUDIWLQUHSRUW

7RWDO

Note. $LUFUDIWW\SHDQGQXPEHURIDLUFUDIWLQYROYHGLQ$656UHSRUWVVXEPLWWHGE\DLUDQGFDELQFUHZLQ
)$5SDUWRSHUDWLRQVIURP-DQXDU\WR'HFHPEHU








Table C2
Text Parsing Node Results – Top 100 Terms, Roles, Attributes, Frequencies, Status, and
Ranks
7HUP

5ROH


1XPEHURI
$WWULEXWH )UHTXHQF\ 1DUUDWLYHV

EH

9HUE

$OSKD





1







QRW

$GY

$OSKD





1







KDYH

9HUE

$OSKD





1







DLUFUDIW

1RXQ

$OSKD





1







GR

9HUE

$OSKD





1







IOLJKW

1RXQ

$OSKD





1







QR

$GY

$OSKD





1







WKHQ

$GY

$OSKD





1







WLPH

1RXQ

$OSKD





1







DWF

3URS

$OSKD





1







JHW

9HUE

$OSKD





1







PDNH

9HUE

$OSKD





1







JR

9HUE

$OSKD





1







FRQWLQXH

9HUE

$OSKD





<







FDOO

9HUE

$OSKD





1







DVN

9HUE

$OSKD





1







WHOO

9HUE

$OSKD





1







FOHDU

9HUE

$OSKD





1







UXQZD\

1RXQ

$OSKD





1







ODQG

9HUE

$OSKD





1







FDSWDLQ

1RXQ

$OSKD





1







DOVR

$GY

$OSKD





1







DSSURDFK

1RXQ

$OSKD





1







VD\

9HUE

$OSKD





1







IRRW

1RXQ

$OSKD





<







JLYH

9HUE

$OSKD





1







VHH

9HUE

$OSKD





1







ODQGLQJ

1RXQ

$OSKD





1







ILUVW

$GM

$OSKD





1







IO\

9HUE

$OSKD





1







WDNH

9HUE

$OSKD





1







RQ

$GY

$OSKD





1







JDWH

1RXQ

$OSKD





1







UHFHLYH

9HUE

$OSKD





1









.HHS

3DUHQW
6WDWXV

3DUHQW,' 5DQN


VWDUW

9HUE

$OSKD





<







DOWLWXGH

1RXQ

$OSKD





1







FUHZ

1RXQ

$OSKD





1







YHU\

$GY

$OSKD





1







QRWLFH

9HUE

$OSKD





<







DSSUR[LPDWHO\ $GY

$OSKD





1







WXUQ

9HUE

$OSKD





1







MXVW

$GY

$OSKD





1







SLORW

1RXQ

$OSKD





1







SRLQW

1RXQ

$OSKD





1







LPPHGLDWHO\

$GY

$OSKD





<







PDLQWHQDQFH

1RXQ

$OSKD





<







ORRN

9HUE

$OSKD





1







FRPH

9HUE

$OSKD





1







PLQXWH

1RXQ

$OSKD





<







SURFHGXUH

1RXQ

$OSKD





<







GHVFHQW

1RXQ

$OSKD





1







RWKHU

$GM

$OSKD





1







XVH

9HUE

$OSKD





1







IR

3URS

$OSKD





1







DUULYDO

1RXQ

$OSKD





1







DLUSRUW

1RXQ

$OSKD





1







LVVXH

1RXQ

$OSKD





<







HYHQW

1RXQ

$OSKD





<







DJDLQ

$GY

$OSKD





1







DGYLVH

9HUE

$OSKD





<







WKLQN

9HUE

$OSKD





1







EDFN

1RXQ

$OSKD





<







VLWXDWLRQ

1RXQ

$OSKD





<







EHJLQ

9HUE

$OSKD





<







FKHFNOLVW

1RXQ

$OSKD





1







ZKDW

$GY

$OSKD





1







SDVVHQJHU

1RXQ

$OSKD





<







FRQWURO

1RXQ

$OSKD





1







WD[L

9HUE

$OSKD





1







VWLOO

$GY

$OSKD





1







GHVFHQG

9HUE

$OSKD





<







NQRZ

9HUE

$OSKD





<







RIILFHU

1RXQ

$OSKD





<







WDNHRII

1RXQ

$OSKD





1







HQJLQH

1RXQ

$OSKD





<










FOHDUDQFH

1RXQ

$OSKD





1







EDFN

$GY

$OSKD





<







]]]

3URS

$OSKD





1







FKHFN

9HUE

$OSKD





<







IROORZ

9HUE

$OSKD





<







UHWXUQ

9HUE

$OSKD





<







RIILFHU

3URS

$OSKD





<







FRPSOHWH

9HUE

$OSKD





<







SUREOHP

1RXQ

$OSKD





<







RQH

1XP

$OSKD





1







LQIRUP

9HUE

$OSKD





<







RXW

$GY

$OSKD





1







FOLPE

9HUE

$OSKD





<







QHHG

9HUE

$OSKD





1







UHTXHVW

9HUE

$OSKD





1







DOO

$GM

$OSKD





1







WZR

1XP

$OSKD





1







WU\

9HUE

$OSKD





1







PRUH

$GM

$OSKD





1







GHSDUWXUH

1RXQ

$OSKD





1







EHOLHYH

9HUE

$OSKD





1







JRRG

$GM

$OSKD





<







FRQWDFW

9HUE

$OSKD





<







ILUVW

3URS

$OSKD





1







VSHHG


1RXQ

$OSKD





1












Table C3
Text Filter Node Results – Top 100 Terms, Weights, and Frequencies


:HLJKW )UHTXHQF\ 'RFXPHQWV

7HUP

5ROH

$WWULEXWH

6WDWXV

EH

9HUE

$OSKD

'URS









QRW

$GY

$OSKD

'URS









KDYH

9HUE

$OSKD

'URS









DLUFUDIW

1RXQ

$OSKD

'URS









GR

9HUE

$OSKD

'URS









IOLJKW

1RXQ

$OSKD

'URS









QR

$GY

$OSKD

'URS









WKHQ

$GY

$OSKD

'URS









WLPH

1RXQ

$OSKD

'URS









DWF

3URS

$OSKD

'URS









JHW

9HUE

$OSKD

'URS









PDNH

9HUE

$OSKD

'URS









JR

9HUE

$OSKD

'URS









FRQWLQXH

9HUE

$OSKD

.HHS









FDOO

9HUE

$OSKD

'URS









DVN

9HUE

$OSKD

'URS









WHOO

9HUE

$OSKD

'URS









FOHDU

9HUE

$OSKD

'URS









UXQZD\

1RXQ

$OSKD

'URS









ODQG

9HUE

$OSKD

'URS









FDSWDLQ

1RXQ

$OSKD

'URS









DOVR

$GY

$OSKD

'URS









DSSURDFK

1RXQ

$OSKD

'URS









VD\

9HUE

$OSKD

'URS









IRRW

1RXQ

$OSKD

.HHS









JLYH

9HUE

$OSKD

'URS









VHH

9HUE

$OSKD

'URS









ODQGLQJ

1RXQ

$OSKD

'URS









ILUVW

$GM

$OSKD

'URS









IO\

9HUE

$OSKD

'URS









WDNH

9HUE

$OSKD

'URS









RQ

$GY

$OSKD

'URS









JDWH

1RXQ

$OSKD

'URS









UHFHLYH

9HUE

$OSKD

'URS









VWDUW

9HUE

$OSKD

.HHS









DOWLWXGH

1RXQ

$OSKD

'URS









FUHZ

1RXQ

$OSKD

'URS











5DQN


YHU\

$GY

$OSKD

'URS









QRWLFH

9HUE

$OSKD

.HHS









DSSUR[LPDWHO\

$GY

$OSKD

'URS









WXUQ

9HUE

$OSKD

'URS









MXVW

$GY

$OSKD

'URS









SLORW

1RXQ

$OSKD

'URS









SRLQW

1RXQ

$OSKD

'URS









LPPHGLDWHO\

$GY

$OSKD

.HHS









PDLQWHQDQFH

1RXQ

$OSKD

.HHS









ORRN

9HUE

$OSKD

'URS









FRPH

9HUE

$OSKD

'URS









PLQXWH

1RXQ

$OSKD

.HHS









SURFHGXUH

1RXQ

$OSKD

.HHS









GHVFHQW

1RXQ

$OSKD

'URS









RWKHU

$GM

$OSKD

'URS









XVH

9HUE

$OSKD

'URS









IR

3URS

$OSKD

'URS









DUULYDO

1RXQ

$OSKD

'URS









DLUSRUW

1RXQ

$OSKD

'URS









LVVXH

1RXQ

$OSKD

.HHS









HYHQW

1RXQ

$OSKD

.HHS









DJDLQ

$GY

$OSKD

'URS









DGYLVH

9HUE

$OSKD

.HHS









WKLQN

9HUE

$OSKD

'URS









EDFN

1RXQ

$OSKD

.HHS









VLWXDWLRQ

1RXQ

$OSKD

.HHS









EHJLQ

9HUE

$OSKD

.HHS









FKHFNOLVW

1RXQ

$OSKD

'URS









ZKDW

$GY

$OSKD

'URS









SDVVHQJHU

1RXQ

$OSKD

.HHS









FRQWURO

1RXQ

$OSKD

'URS









WD[L

9HUE

$OSKD

'URS









VWLOO

$GY

$OSKD

'URS









GHVFHQG

9HUE

$OSKD

.HHS









NQRZ

9HUE

$OSKD

.HHS









RIILFHU

1RXQ

$OSKD

.HHS









WDNHRII

1RXQ

$OSKD

'URS









HQJLQH

1RXQ

$OSKD

.HHS









FOHDUDQFH

1RXQ

$OSKD

'URS









EDFN

$GY

$OSKD

.HHS









]]]

3URS

$OSKD

'URS









FKHFN

9HUE

$OSKD

.HHS









IROORZ

9HUE

$OSKD

.HHS















UHWXUQ

9HUE

$OSKD

.HHS









RIILFHU

3URS

$OSKD

.HHS









FRPSOHWH

9HUE

$OSKD

.HHS









SUREOHP

1RXQ

$OSKD

.HHS









RQH

1XP

$OSKD

'URS









LQIRUP

9HUE

$OSKD

.HHS









RXW

$GY

$OSKD

'URS









FOLPE

9HUE

$OSKD

.HHS









QHHG

9HUE

$OSKD

'URS









UHTXHVW

9HUE

$OSKD

'URS









DOO

$GM

$OSKD

'URS









WZR

1XP

$OSKD

'URS









WU\

9HUE

$OSKD

'URS









PRUH

$GM

$OSKD

'URS









GHSDUWXUH

1RXQ

$OSKD

'URS









EHOLHYH

9HUE

$OSKD

'URS









JRRG

$GM

$OSKD

.HHS









FRQWDFW

9HUE

$OSKD

.HHS









ILUVW

3URS

$OSKD

'URS









VSHHG

1RXQ

$OSKD

'URS












Table C4
List of Variables from ASRS and Text Mining
3HUFHQW
0LVVLQJ
9DOXHV


6WDWXV
.HHS

&DWHJRU\
,'

9DULDEOH
$&1

5ROH
,'

1XPEHU
0LVVLQJ


7LPH

'DWH

,QWHUYDO





.HHS

7LPH

/RFDO7LPH2I'D\

1RPLQDO





.HHS

3ODFH

/RFDOH5HIHUHQFH

7H[W





.HHS

3ODFH

6WDWH5HIHUHQFH

7H[W





.HHS

3ODFH

5HODWLYH3RVLWLRQ$QJOH5DGLDO

,QWHUYDO





'URS

3ODFH

,QWHUYDO





'URS

3ODFH

5HODWLYH3RVLWLRQ'LVWDQFH
1DXWLFDO0LOHV
$OWLWXGH$*/6LQJOH9DOXH

,QWHUYDO





'URS

3ODFH

$OWLWXGH06/6LQJOH9DOXH

,QWHUYDO





'URS

(QYLURQPHQW )OLJKW&RQGLWLRQV

1RPLQDO





.HHS

(QYLURQPHQW :HDWKHU(OHPHQWV9LVLELOLW\

1RPLQDO





'URS

(QYLURQPHQW :RUN(QYLURQPHQW)DFWRU

1RPLQDO





'URS

(QYLURQPHQW /LJKW

1RPLQDO





.HHS

(QYLURQPHQW &HLOLQJ

,QWHUYDO





'URS

(QYLURQPHQW 5956LQJOH9DOXH

,QWHUYDO





'URS

$LUFUDIW

$7&$GYLVRU\

1RPLQDO





.HHS

$LUFUDIW

$LUFUDIW2SHUDWRU

1RPLQDO





.HHS

$LUFUDIW

0DNH0RGHO1DPH

7H[W





.HHS 

$LUFUDIW

$LUFUDIW=RQH

7H[W





'URS

$LUFUDIW

&UHZ6L]H

,QWHUYDO





.HHS

$LUFUDIW

2SHUDWLQJ8QGHU)$53DUW

1RPLQDO





'URS 

$LUFUDIW

)OLJKW3ODQ

1RPLQDO





.HHS

$LUFUDIW

0LVVLRQ

1RPLQDO





.HHS

$LUFUDIW

1DY,Q8VH

1RPLQDO





'URS

$LUFUDIW

)OLJKW3KDVH

1RPLQDO





.HHS

$LUFUDIW

5RXWH,Q8VH

1RPLQDO





'URS

$LUFUDIW

$LUVSDFH

1RPLQDO





.HHS

$LUFUDIW

0DLQWHQDQFH6WDWXV
0DLQWHQDQFH'HIHUUHG
0DLQWHQDQFH6WDWXV
5HFRUGV&RPSOHWH
0DLQWHQDQFH6WDWXV
5HOHDVHG)RU6HUYLFH
0DLQWHQDQFH6WDWXV5HTXLUHG
&RUUHFW'RF2Q%RDUG
0DLQWHQDQFH6WDWXV
0DLQWHQDQFH7\SH

'LFKRWRPRXV 



'URS

'LFKRWRPRXV 



'URS

'LFKRWRPRXV 



'URS

'LFKRWRPRXV 



'URS

'LFKRWRPRXV 



'URS

$LUFUDIW
$LUFUDIW
$LUFUDIW
$LUFUDIW




$LUFUDIW

1RPLQDO





'URS

$LUFUDIW

0DLQWHQDQFH6WDWXV
0DLQWHQDQFH,WHPV,QYROYHG
&DELQ/LJKWLQJ

1RPLQDO





'URS

$LUFUDIW

1XPEHU2I6HDWV1XPEHU

,QWHUYDO





'URS

$LUFUDIW

3DVVHQJHUV2Q%RDUG1XPEHU

,QWHUYDO





'URS

$LUFUDIW

,QWHUYDO





'URS

&RPSRQHQW

&UHZ6L]H)OLJKW$WWHQGDQW
1XPEHU2I&UHZ
$LUFUDIW&RPSRQHQW

7H[W





'URS

&RPSRQHQW

0DQXIDFWXUHU

7H[W





'URS

&RPSRQHQW

$LUFUDIW5HIHUHQFH

1RPLQDO





'URS

&RPSRQHQW

3UREOHP

1RPLQDO





'URS

$LUFUDIW

$7&$GYLVRU\

1RPLQDO





'URS

$LUFUDIW

$LUFUDIW2SHUDWRU

1RPLQDO





'URS

$LUFUDIW

0DNH0RGHO1DPH

7H[W





'URS

$LUFUDIW

$LUFUDIW=RQH

7H[W





'URS

$LUFUDIW

&UHZ6L]H

,QWHUYDO





'URS

$LUFUDIW

2SHUDWLQJ8QGHU)$53DUW

1RPLQDO





'URS

$LUFUDIW

)OLJKW3ODQ

1RPLQDO





'URS

$LUFUDIW

0LVVLRQ

1RPLQDO





'URS

$LUFUDIW

1DY,Q8VH

1RPLQDO





'URS

$LUFUDIW

)OLJKW3KDVH

1RPLQDO





'URS

$LUFUDIW

5RXWH,Q8VH

1RPLQDO





'URS

$LUFUDIW

$LUVSDFH

1RPLQDO





'URS

$LUFUDIW

'LFKRWRPRXV 



'URS

'LFKRWRPRXV 



'URS

'LFKRWRPRXV 



'URS

'LFKRWRPRXV 



'URS

'LFKRWRPRXV 



'URS

1RPLQDO





'URS

$LUFUDIW

0DLQWHQDQFH6WDWXV
0DLQWHQDQFH'HIHUUHG
0DLQWHQDQFH6WDWXV
5HFRUGV&RPSOHWH
0DLQWHQDQFH6WDWXV
5HOHDVHG)RU6HUYLFH
0DLQWHQDQFH6WDWXV5HTXLUHG
&RUUHFW'RF2Q%RDUG
0DLQWHQDQFH6WDWXV
0DLQWHQDQFH7\SH
0DLQWHQDQFH6WDWXV
0DLQWHQDQFH,WHPV,QYROYHG
&DELQ/LJKWLQJ

1RPLQDO





'URS

$LUFUDIW

1XPEHU2I6HDWV1XPEHU

,QWHUYDO





'URS

$LUFUDIW

3DVVHQJHUV2Q%RDUG1XPEHU

,QWHUYDO





'URS

$LUFUDIW

,QWHUYDO





'URS

3HUVRQ

&UHZ6L]H)OLJKW$WWHQGDQW
1XPEHU2I&UHZ
/RFDWLRQ2I3HUVRQ

1RPLQDO





.HHS

3HUVRQ

/RFDWLRQ,Q$LUFUDIW

1RPLQDO





.HHS

3HUVRQ

5HSRUWHU2UJDQL]DWLRQ

1RPLQDO





.HHS

3HUVRQ

)XQFWLRQ

1RPLQDO





.HHS

3HUVRQ

4XDOLILFDWLRQ

1RPLQDO





.HHS

3HUVRQ

([SHULHQFH

,QWHUYDO





'URS

3HUVRQ

&DELQ$FWLYLW\

1RPLQDO





'URS

$LUFUDIW
$LUFUDIW
$LUFUDIW
$LUFUDIW
$LUFUDIW




3HUVRQ

+XPDQ)DFWRUV

1RPLQDO





.HHS

3HUVRQ

&RPPXQLFDWLRQ%UHDNGRZQ

1RPLQDO





'URS

3HUVRQ

,'





'URS

3HUVRQ

$6565HSRUW1XPEHU
$FFHVVLRQ1XPEHU
/RFDWLRQ2I3HUVRQ

1RPLQDO





'URS

3HUVRQ

/RFDWLRQ,Q$LUFUDIW

1RPLQDO





'URS

3HUVRQ

5HSRUWHU2UJDQL]DWLRQ

1RPLQDO





'URS

3HUVRQ

)XQFWLRQ

1RPLQDO





'URS

3HUVRQ

4XDOLILFDWLRQ

1RPLQDO





'URS

3HUVRQ

([SHULHQFH

,QWHUYDO





'URS

3HUVRQ

&DELQ$FWLYLW\

1RPLQDO





'URS

3HUVRQ

+XPDQ)DFWRUV

1RPLQDO





'URS

3HUVRQ

&RPPXQLFDWLRQ%UHDNGRZQ

1RPLQDO





'URS

3HUVRQ

,'





'URS

(YHQWV

$6565HSRUW1XPEHU
$FFHVVLRQ1XPEHU
$QRPDO\

1RPLQDO





.HHS

(YHQWV

0LVV'LVWDQFH

,QWHUYDO





'URS

(YHQWV

'LFKRWRPRXV 



'URS

(YHQWV

:HUH3DVVHQJHUV,QYROYHG,Q
(YHQW
'HWHFWRU

1RPLQDO





.HHS

(YHQWV

:KHQ'HWHFWHG

1RPLQDO





.HHS

(YHQWV

5HVXOW

7H[W





.HHS

$VVHVVPHQWV &RQWULEXWLQJ)DFWRUV6LWXDWLRQV

1RPLQDO





.HHS

$VVHVVPHQWV 3ULPDU\3UREOHP

1RPLQDO





.HHS

5HSRUW

1DUUDWLYH

7H[W





.HHS

5HSRUW

&DOOEDFN

7H[W





'URS

5HSRUW

1DUUDWLYH

7H[W





'URS

5HSRUW

&DOOEDFN

7H[W





'URS

5HSRUW

6\QRSVLV

7H[W





.HHS

7H[W0LQLQJ

6HQVRU\3HUFHSWLRQ

,QWHUYDO





.HHS

7H[W0LQLQJ

$LUFUDIW$FWLRQ

,QWHUYDO





.HHS

7H[W0LQLQJ

0DLQWHQDQFH&RQFHUQ

,QWHUYDO





.HHS

7H[W0LQLQJ

(QJLQH,VVXH

,QWHUYDO





.HHS

7H[W0LQLQJ

6\VWHP$QRPDO\

,QWHUYDO





.HHS

7H[W0LQLQJ

&DELQ$IIHFWHG

,QWHUYDO





.HHS

7H[W0LQLQJ

$LU&RQGLWLRQLQJ

,QWHUYDO





.HHS

7H[W0LQLQJ

3DVVHQJHU'LVUXSWLRQ

,QWHUYDO





.HHS

7H[W0LQLQJ

)OLJKW&RQGLWLRQ

,QWHUYDO





.HHS

7H[W0LQLQJ

3RZHU&KDQJH

,QWHUYDO





.HHS






Appendix D
6DPSOH7HUPV,QFOXGHGLQ7H[W3DUVLQJ6WRS/LVW
G
OO
P
UH
V
YH
U

IW
FIU

NWV
VP
D
DFDUVGLVSDWFK
DFDUVPHVVDJH
DFWLYHUXQZD\
DFWLYHWD[LZD\
DFWXDOIOLJKW
DFWXDOKHDGLQJ
DGYHUVHZHDWKHU
DIWHUVWDUWFKHFNOLVW
DLUSRUW
DLUVSHHG
DGVE
DOWLWXGH
DPEHU
DSSURDFK
DUULYDOSURFHGXUH
DUULYDOSURILOH
DWFFRPPXQLFDWLRQ
DXUDOZDUQLQJ
DXUDODOHUW
ERVWRQ
EXONFDUJRGRRU
EXV\VLWXDWLRQ
FDXWLRQPHVVDJH
FGXPHVVDJH
FKHFNOLVW
FOHDUDQFHGHOLYHU\

FRPSDQ\GLVSDWFKHU
FSGOF
FSGOFFOHDUDQFH
FSGOFPHVVDJH
GHDGKHDGLQJ
GHSDUWLQJDLUFUDIW
GHSDUWXUH
GLVSDWFKHU
GRRELDUULYDO
HFDP
HFDPPHVVDJH
HJSZVZDUQLQJ
IDI
IO
IPV
IPVDQRPDO\
IPVHUURU
IRG
IR[WURW
IXHO
IXHODGYLVRU\
JOLGHVORSH
JSVGDWD
KLJKDWWLWXGH
KROGLQJSDWWHUQ
LH
LOVU
MINDLUVSDFH
MXVWVKRUW
NLORJUDP
ODWHUDORIIVHW
OHDGLQJHGJH
OHIWDLOHURQ
OOZVDGYLVRU\
ORFDOL]HUFRXUVH
ORFNHGSRVLWLRQ
PD[LPXPDLUVSHHG
PGDDOWLWXGH
PHOSURFHGXUH
PLQLPXPV

PRGHUDWHWXUEXOHQFH
QHZDVVLJQHGDOWLWXGH
QRVHZKHHOWLUH
QRWDPV\VWHP
RFHDQLF
RYHUVSHHG
SDSLJXLGDQFH
SLORWGHYLDWLRQ
SLWFKDWWLWXGH
SOHDVH
SXEOLVKHGVHJPHQW
SXVKEDFN
UDGHVFHQW
UDJXLGDQFH
UDGLRFRQJHVWLRQ
UHFDOFXODWH
UHGOLJKW
UHJXODUDLUSRUW
UHMHFWHGWDNHRIIFKHFNOLVW
UHSRUWHGZHDWKHU
UHYHUVHWKUXVW
UXQZD\KHDGLQJ
UXQZD\LQFXUVLRQ
UXQZD\U
VDWFRPFRPPXQLFDWLRQ
VFLPLWDU
VHULRXVO\
VHYHUHWXUEXOHQFH
VKDOORZWXUQ
VLGGHSDUWXUH
VN\GLYHU
VRIWZDUHLVVXH
VRPHKRZ
VSHFLDODLUSRUW
VSHFLILFDUULYDO
VSHHG
VSHHGEXJ
VWDELOL]HGDSSURDFK
VWDQGDUGFDOORXWV
VWDWXVPHVVDJH



VWHSGRZQDOWLWXGH
VWLFNVKDNHU
V\QRSWLFGLVSOD\
WDLOVWULNH
WDLOZLQG
WD[LZD\FHQWHUOLQH
WFDVDOHUW
WFDVUDJXLGDQFH
WHUUDLQDYRLGDQFHSURFHGXUH
WKHUHIRUH
WRJD
WRZHULVVXH
WUDIILFSDWWHUQDOWLWXGH
WULPPDOIXQFWLRQ
XQIDPLOLDUHQYLURQPHQW
YFXW
YHFWRU
YHORFLW\
YHUWLFDO
YIUDLUFUDIW
YIUGD\
YLVXDOU
YRUUDGLDO
ZDNHWXUEXOHQFH
ZHDWKHU
ZHVWIORZ
ZKLVNH\FRPSDVV
ZLQG
ZLQGGLUHFWLRQ
ZLQGVRFN
ZKLWHQHHGOH
[DORFDO
[ZLQJ
\ DOO
\HDK
]HHNNDUULYDO
]]]DLUSRUW
]]]OZHDWKHU
]]]]]ZD\SRLQW
]]]]]LQWHUVHFWLRQ


Appendix E
/RJLVWLF5HJUHVVLRQ1RGH2XWSXWIURP6$6(0
)LW6WDWLVWLFV
7DUJHW 1HZ7DUJHW9DULDEOH7DUJHW/DEHO 1HZ7DUJHW9DULDEOH
)LW
6WDWLVWLFV 6WDWLVWLFV/DEHO 7UDLQ
9DOLGDWLRQ7HVW

B$,&B$NDLNH V,QIRUPDWLRQ&ULWHULRQ
  

B$6(B$YHUDJH6TXDUHG(UURU
B$9(55B$YHUDJH(UURU)XQFWLRQ


B')(B'HJUHHVRI)UHHGRPIRU(UURU
B')0B0RGHO'HJUHHVRI)UHHGRP
 

B')7B7RWDO'HJUHHVRI)UHHGRP  
B',9B'LYLVRUIRU$6(
B(55B(UURU)XQFWLRQ

B)3(B)LQDO3UHGLFWLRQ(UURU 
B0$;B0D[LPXP$EVROXWH(UURU  
B06(B0HDQ6TXDUH(UURU 
B12%6B6XPRI)UHTXHQFLHV
 
B1:B1XPEHURI(VWLPDWH:HLJKWV

B5$6(B5RRW$YHUDJH6XPRI6TXDUHV 
B5)3(B5RRW)LQDO3UHGLFWLRQ(UURU 
B506(B5RRW0HDQ6TXDUHG(UURU 
B6%&B6FKZDU] V%D\HVLDQ&ULWHULRQ 
B66(B6XPRI6TXDUHG(UURUV
B680:B6XPRI&DVH:HLJKWV7LPHV)UHT
B0,6&B0LVFODVVLILFDWLRQ5DWH

&ODVVLILFDWLRQ7DEOH
'DWD5ROH 75$,17DUJHW9DULDEOH 1HZ7DUJHW9DULDEOH7DUJHW
/DEHO 1HZ7DUJHW9DULDEOH

7DUJHW2XWFRPH )UHTXHQF\ 7RWDO
7DUJHW2XWFRPH 3HUFHQWDJH 3HUFHQWDJH&RXQW 3HUFHQWDJH




   

 







'DWD5ROH 9$/,'$7(7DUJHW9DULDEOH 1HZ7DUJHW9DULDEOH7DUJHW
/DEHO 1HZ7DUJHW9DULDEOH

7DUJHW2XWFRPH)UHTXHQF\7RWDO
7DUJHW2XWFRPH 3HUFHQWDJH 3HUFHQWDJH&RXQW 3HUFHQWDJH

   


  
  

  

 

 

 

 

 


(YHQW&ODVVLILFDWLRQ7DEOH
'DWD5ROH 75$,17DUJHW 1HZ7DUJHW9DULDEOH7DUJHW/DEHO 1HZ7DUJHW9DULDEOH
)DOVH7UXH)DOVH7UXH
1HJDWLYH1HJDWLYH3RVLWLYH3RVLWLYH

BBBBB

'DWD5ROH 9$/,'$7(7DUJHW 1HZ7DUJHW9DULDEOH7DUJHW/DEHO 1HZ7DUJHW9DULDEOH



)DOVH7UXH)DOVH7UXH
1HJDWLYH1HJDWLYH3RVLWLYH3RVLWLYH

BBB


$VVHVVPHQW6FRUH5DQNLQJV
'DWD5ROH 75$,17DUJHW9DULDEOH 1HZ7DUJHW9DULDEOH7DUJHW
/DEHO 1HZ7DUJHW9DULDEOH

3RVWHULRU


&XPXODWLYH &XPXODWLYH1XPEHURI 
'HSWK*DLQ/LIW/LIW5HVSRQVH5HVSRQVH2EVHUYDWLRQV0HDQ
3UREDELOLW\BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


 
 
 
 
  
 
  
  
  
 
 
 
 
 
 

 
 
 
 



'DWD5ROH 9$/,'$7(7DUJHW9DULDEOH 1HZ7DUJHW9DULDEOH7DUJHW
/DEHO 1HZ7DUJHW9DULDEOH






3RVWHULRU&XPXODWLYH&XPXODWLYH1XPEHURI
'HSWK*DLQ/LIW/LIW5HVSRQVH5HVSRQVH2EVHUYDWLRQV0HDQ
3UREDELOLW\BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


 
 
 
 


 


 
 

 
 


 
 






$VVHVVPHQW6FRUH'LVWULEXWLRQ
'DWD5ROH 75$,17DUJHW9DULDEOH 1HZ7DUJHW9DULDEOH7DUJHW
/DEHO 1HZ7DUJHW9DULDEOH


3RVWHULRU1XPEHU0HDQ
3UREDELOLW\RI1XPEHURI3RVWHULRU
5DQJH(YHQWV1RQHYHQWV3UREDELOLW\3HUFHQWDJH

 
 




 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



















BBB


'DWD5ROH 9$/,'$7(7DUJHW9DULDEOH 1HZ7DUJHW9DULDEOH7DUJHW
/DEHO 1HZ7DUJHW9DULDEOH
3RVWHULRU1XPEHU0HDQ
3UREDELOLW\RI1XPEHURI3RVWHULRU
5DQJH(YHQWV1RQHYHQWV3UREDELOLW\3HUFHQWDJH

 

 

 



 
































BBBB




Appendix F

*UDGLHQW%RRVW1RGH6$6&RGHIURP7UDLQLQJ'DWD/RJ
7UDLQLQJ/RJ
'DWH-XO\
7LPH
 
SURFIUHTGDWD (0:6%RRVWB9DULDEOH6HWQRSULQW
WDEOH52/( /(9(/RXW :25.%RRVW0(7$
UXQ
SURFSULQWGDWD :25.%RRVW0(7$ODEHOQRREV
YDU52/(/(9(/&2817
ODEHO52/( V\VIXQF VDVPVJ VDVKHOSGPLQHPHWDBUROHBYODEHO124827( 
/(9(/ V\VIXQF VDVPVJ VDVKHOSGPLQHPHWDBOHYHOBYODEHO124827( &2817 
V\VIXQF VDVPVJ VDVKHOSGPLQHUSWBFRXQWBYODEHO124827( 
WLWOH  
WLWOHV\VIXQF VDVPVJ VDVKHOSGPLQHUSWBYDU6XPPDU\BWLWOH124827( 
UXQ
WLWOH
OHW(0125/(1 '0125/(1
(0:63DUWB75$,1(0:63DUWB75$,1
(0:63DUWB75$,1(0:63DUWB75$,1(0:63DUWB75$,1
(0:63DUWB75$,1(0:63DUWB75$,1
(0:63DUWB75$,1(0:63DUWB75$,1(0:63DUWB75$,1
([HFXWLQJ6$6+(/3(0&25((0,1)2,7(5$7256&/B,1,7!!
([HFXWLQJ6$6+(/3(0&25((0,1)2,7(5$7256&/VHW0HWD'DWD!!
([HFXWLQJ6$6+(/3(0&25((0,1)2,7(5$7256&/QH[W!!
([HFXWLQJ6$6+(/3(0&25((0,1)2,7(5$7256&/QH[W!!
([HFXWLQJ6$6+(/3(0&25((0,1)2,7(5$7256&/VHW0HWD'DWD!!
([HFXWLQJ6$6+(/3(0&25((0,1)2,7(5$7256&/QH[W!!
([HFXWLQJ6$6+(/3(0&25((0,1)2,7(5$7256&/QH[W!!
([HFXWLQJ6$6+(/3(0&25((0,1)2,7(5$7256&/BWHUP!!
GDWD:25.%RRVWB(9(17 .((3 9$5,$%/(/$%(//(9(/(9(17180/(9(/6
25'(5 
OHQJWK25'(5
ODEHO9$5,$%/( V\VIXQF VDVPVJ VDVKHOSGPLQHUSWBWDUJHWBYODEHO124827( 
(9(17 V\VIXQF VDVPVJ VDVKHOSGPLQHDVVPWBHYHQWBYODEHO124827( 180/(9(/6 
V\VIXQF VDVPVJ VDVKHOSGPLQHUSWBQXPFDWBYODEHO124827( /(9(/ 
V\VIXQF VDVPVJ VDVKHOSGPLQHPHWDBOHYHOBYODEHO124827( 25'(5 
V\VIXQF VDVPVJ VDVKHOSGPLQHPHWDBRUGHUBYODEHO124827( /$%(/ 
V\VIXQF VDVPVJ VDVKHOSGPLQHPHWDBODEHOBYODEHO124827( 
VHW(0:6,'6B1(:7$5*(79$5,$%/B'0 ZKHUH B7<3(B 7$5*(7 
1XP/HYHOV 
VHOHFW XSFDVH 25'(5 
ZKHQ '(6& 25'(5  'HVFHQGLQJ 
ZKHQ $6& 25'(5  $VFHQGLQJ 
ZKHQ )07'(6& 25'(5  )RUPDWWHG'HVFHQGLQJ 
ZKHQ )07$6& 25'(5  )RUPDWWHG$VFHQGLQJ 
RWKHUZLVH25'(5  'HVFHQGLQJ 
HQG
RXWSXW
UXQ
WLWOH  




SURFSULQWGDWD :25.%RRVWB(9(17QRREVODEHO
YDU9$5,$%/((9(17/(9(/180/(9(/625'(5/$%(/
WLWOH  
WLWOHV\VIXQF VDVPVJ VDVKHOSGPLQHUSWBPRGHO(YHQWBWLWOH124827( 
UXQ
WLWOH
1RGHFLVLRQVGHILQHGIRUWDUJHW1HZ7DUJHW9DULDEOH
SURFSULQWGDWD (0:6,GVB1HZ7DUJHW9DULDEOB'0QRREVODEHO
YDUBW\SHBYDULDEOHODEHO
ZKHUHBW\SHBALQ 0$75,;  '(&,6,21  75$,135,25  '$7$35,25 
'(&35,25 
ODEHOB7<3(B V\VIXQF VDVPVJ VDVKHOSGPLQHUSWBW\SHBYODEHO124827( 
9$5,$%/( V\VIXQF VDVPVJ VDVKHOSGPLQHUSWBYDULDEOHBYODEHO124827( /$%(/ 
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 (QG75$,1%RRVW
  




Appendix G

5DQGRP)RUHVW1RGH6$6&RGH
PDFURHPBKSIVWBVFRUH
LIV\PH[LVW KSIVWBVFRUHBLQSXW WKHQOHWKSIVWBVFRUHBLQSXW

HPBVFRUHBRXWSXW

LIV\PH[LVW KSIVWBVFRUHBRXWSXW WKHQOHWKSIVWBVFRUHBRXWSXW

HPBVFRUHBRXWSXW

LIV\PH[LVW KSIVWBLGBYDUV WKHQOHWKSIVWBLGBYDUV B$//B

OHWKSYYQ V\VIXQF JHWRSWLRQ 9$/,'9$51$0( 
RSWLRQVYDOLGYDUQDPH 9
SURFKSVFRUHGDWD

KSIVWBVFRUHBLQSXW

LG KSIVWBLGBYDUV
LIV\PH[LVW (0B86(5B2870'/),/( WKHQGR
OHWKSILQ(0 
VFRUHILOH KRPHRFRQQRP$6567H[W
0LQLQJ:RUNVSDFHV(0:6+3'0)RUHVW2870'/),/(ELQRXW

KSIVWBVFRUHBRXWSXW

HQG
HOVHGR
OHWKSILQ(0 
VFRUHILOH  (0B86(5B2870'/),/(RXW
HQG
3(5)250$1&('(7$,/6
UXQ

RSWLRQVYDOLGYDUQDPH

KSYYQ





KSIVWBVFRUHBRXWSXW


GDWD KSIVWBVFRUHBRXWSXW
VHW KSIVWBVFRUHBRXWSXW
LI KSILQ(0WKHQGR
V\PGHOKSIVWBVFRUHBLQSXWKSIVWBVFRUHBRXWSXW(0B86(5B2870'/),/(QRZDUQ
HQG
PHQG

HPBKSIVWBVFRUH
 
&RPSXWLQJ&ODVVLILFDWLRQ9DUV1HZ7DUJHW9DULDEOH
 
OHQJWKBIRUPDW
GURSBIRUPDW
BIRUPDW   
OHQJWKBSB
BSB 
GURSBSB
LI3B1HZ7DUJHW9DULDEOHBSB!(WKHQGR
BSB 3B1HZ7DUJHW9DULDEOH
BIRUPDW  
HQG
LI3B1HZ7DUJHW9DULDEOHBSB!(WKHQGR
BSB 3B1HZ7DUJHW9DULDEOH
BIRUPDW  
HQG
LI3B1HZ7DUJHW9DULDEOHBSB!(WKHQGR




BSB 3B1HZ7DUJHW9DULDEOH
BIRUPDW  
HQG
,B1HZ7DUJHW9DULDEOH GPQRUP BIRUPDW 
OHQJWK8B1HZ7DUJHW9DULDEOH
ODEHO8B1HZ7DUJHW9DULDEOH  8QQRUPDOL]HG,QWR1HZ7DUJHW9DULDEOH 
IRUPDW8B1HZ7DUJHW9DULDEOH%(67
LI,B1HZ7DUJHW9DULDEOH  WKHQ
8B1HZ7DUJHW9DULDEOH 
LI,B1HZ7DUJHW9DULDEOH  WKHQ
8B1HZ7DUJHW9DULDEOH 
LI,B1HZ7DUJHW9DULDEOH  WKHQ
8B1HZ7DUJHW9DULDEOH 




Appendix H

%UDQFK'HFLVLRQ7UHH1RGH6$6&RGH

'(&,6,2175((6&25,1*&2'(






/(1*7+62)1(:&+$5$&7(59$5,$%/(6



/(1*7+,B1HZ7DUJHW9DULDEOH
/(1*7+B:$51B

/$%(/6)251(:9$5,$%/(6



ODEHOB12'(B  1RGH 
ODEHOB/($)B  /HDI 
ODEHO3B1HZ7DUJHW9DULDEOH  3UHGLFWHG1HZ7DUJHW9DULDEOH  
ODEHO3B1HZ7DUJHW9DULDEOH  3UHGLFWHG1HZ7DUJHW9DULDEOH  
ODEHO3B1HZ7DUJHW9DULDEOH  3UHGLFWHG1HZ7DUJHW9DULDEOH  
ODEHO4B1HZ7DUJHW9DULDEOH  8QDGMXVWHG31HZ7DUJHW9DULDEOH  
ODEHO4B1HZ7DUJHW9DULDEOH  8QDGMXVWHG31HZ7DUJHW9DULDEOH  
ODEHO4B1HZ7DUJHW9DULDEOH  8QDGMXVWHG31HZ7DUJHW9DULDEOH  
ODEHO9B1HZ7DUJHW9DULDEOH  9DOLGDWHG1HZ7DUJHW9DULDEOH  
ODEHO9B1HZ7DUJHW9DULDEOH  9DOLGDWHG1HZ7DUJHW9DULDEOH  
ODEHO9B1HZ7DUJHW9DULDEOH  9DOLGDWHG1HZ7DUJHW9DULDEOH  
ODEHO,B1HZ7DUJHW9DULDEOH  ,QWR1HZ7DUJHW9DULDEOH 
ODEHO8B1HZ7DUJHW9DULDEOH  8QQRUPDOL]HG,QWR1HZ7DUJHW9DULDEOH 
ODEHOB:$51B  :DUQLQJV 


7(0325$5<9$5,$%/(6)25)250$77('9$/8(6






/(1*7+B$5%)07B'523B$5%)07B
B$5%)07B    ,QLWLDOL]HWRDYRLGZDUQLQJ 
/(1*7+B$5%)07B'523B$5%)07B
B$5%)07B    ,QLWLDOL]HWRDYRLGZDUQLQJ 


$66,*12%6(59$7,217212'(
,)1270,66,1* 6HQVRU\3HUFHSWLRQ $1'
 6HQVRU\3HUFHSWLRQ$1'
6HQVRU\3HUFHSWLRQ7+(1'2
B12'(B 
B/($)B 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
,B1HZ7DUJHW9DULDEOH   
8B1HZ7DUJHW9DULDEOH 
(1'
(/6(,)1270,66,1* 6HQVRU\3HUFHSWLRQ $1'
 6HQVRU\3HUFHSWLRQ$1'
6HQVRU\3HUFHSWLRQ7+(1'2
,)1270,66,1* 6\VWHP$QRPDO\ $1'






6\VWHP$QRPDO\7+(1'2
B12'(B 
B/($)B 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
,B1HZ7DUJHW9DULDEOH   
8B1HZ7DUJHW9DULDEOH 
(1'
(/6(,)1270,66,1* 6\VWHP$QRPDO\ $1'
 6\VWHP$QRPDO\$1'
6\VWHP$QRPDO\7+(1'2
B12'(B 
B/($)B 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 




9B1HZ7DUJHW9DULDEOH 
,B1HZ7DUJHW9DULDEOH   
8B1HZ7DUJHW9DULDEOH 
(1'
(/6('2
B12'(B 
B/($)B 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
,B1HZ7DUJHW9DULDEOH   
8B1HZ7DUJHW9DULDEOH 
(1'
(1'
(/6(,)1270,66,1* 6HQVRU\3HUFHSWLRQ $1'
 6HQVRU\3HUFHSWLRQ$1'
6HQVRU\3HUFHSWLRQ7+(1'2
B12'(B 
B/($)B 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 




4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
,B1HZ7DUJHW9DULDEOH   
8B1HZ7DUJHW9DULDEOH 
(1'
(/6(,)1270,66,1* 6HQVRU\3HUFHSWLRQ $1'
 6HQVRU\3HUFHSWLRQ$1'
6HQVRU\3HUFHSWLRQ7+(1'2
,)1270,66,1* $LUFUDIW$FWLRQ $1'
 $LUFUDIW$FWLRQ7+(1'2
B12'(B 
B/($)B 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
,B1HZ7DUJHW9DULDEOH   
8B1HZ7DUJHW9DULDEOH 
(1'




(/6('2
,)1270,66,1* 6\VWHP$QRPDO\ $1'
 6\VWHP$QRPDO\7+(1'2
B12'(B 
B/($)B 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
,B1HZ7DUJHW9DULDEOH   
8B1HZ7DUJHW9DULDEOH 
(1'
(/6('2
B12'(B 
B/($)B 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 




9B1HZ7DUJHW9DULDEOH 
,B1HZ7DUJHW9DULDEOH   
8B1HZ7DUJHW9DULDEOH 
(1'
(1'
(1'
(/6(,)1270,66,1* 6HQVRU\3HUFHSWLRQ $1'
 6HQVRU\3HUFHSWLRQ$1'
6HQVRU\3HUFHSWLRQ7+(1'2
B$5%)07B 387 $LUFUDIW0LVVLRQ 
'01250,3 B$5%)07B 
,)B$5%)07B,1 3$66(1*(5  7+(1'2
B12'(B 
B/($)B 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
,B1HZ7DUJHW9DULDEOH   
8B1HZ7DUJHW9DULDEOH 
(1'
(/6('2
B12'(B 




B/($)B 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
,B1HZ7DUJHW9DULDEOH   
8B1HZ7DUJHW9DULDEOH 
(1'
(1'
(/6(,)1270,66,1* 6HQVRU\3HUFHSWLRQ $1'
 6HQVRU\3HUFHSWLRQ7+(1'2
,)1270,66,1* 3RZHU&KDQJH $1'
3RZHU&KDQJH7+(1'2
B12'(B 
B/($)B 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 




9B1HZ7DUJHW9DULDEOH 
,B1HZ7DUJHW9DULDEOH   
8B1HZ7DUJHW9DULDEOH 
(1'
(/6('2
,)1270,66,1* &DELQ$IIHFWHG $1'
&DELQ$IIHFWHG7+(1'2
B12'(B 
B/($)B 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
,B1HZ7DUJHW9DULDEOH   
8B1HZ7DUJHW9DULDEOH 
(1'
(/6(,)1270,66,1* &DELQ$IIHFWHG $1'
 &DELQ$IIHFWHG$1'
&DELQ$IIHFWHG7+(1'2
B12'(B 
B/($)B 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 




3B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
,B1HZ7DUJHW9DULDEOH   
8B1HZ7DUJHW9DULDEOH 
(1'
(/6('2
B12'(B 
B/($)B 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
3B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
4B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
9B1HZ7DUJHW9DULDEOH 
,B1HZ7DUJHW9DULDEOH   
8B1HZ7DUJHW9DULDEOH 
(1'
(1'
(1'
(/6('2
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_NODE_ =

2;

_LEAF_ =

1;

P_NewTargetVariable1 =

1;

P_NewTargetVariable2 =

0;

P_NewTargetVariable3 =

0;

Q_NewTargetVariable1 =

1;

Q_NewTargetVariable2 =

0;

Q_NewTargetVariable3 =

0;

V_NewTargetVariable1 =

0.99932975871313;

V_NewTargetVariable2 =

0.00067024128686;

V_NewTargetVariable3 =

0;

I_NewTargetVariable = '1' ;
U_NewTargetVariable =

1;

END;
****************************************************************;
******

END OF DECISION TREE SCORING CODE

******;

****************************************************************;

drop _LEAF_;

